NATIONAL GEOGRAPHIC 


Ee C 


B ТӨЛЕНЕ 
) 


INVENTIONS & AWESOME 


FACTIS 


FROM MUSLIM CIVILIZATION 


ДАА 


GEOGRAPHIC 


EXPLORE мизим 


HERITAGE IN OUR WORLD... 


WHILE THE WEST 
STRUGGLED INA PERIOD © “am (oec i] BY | 
CALLEDTHEDARKAGES.A $% rhe success ofl D ocn ST 


- 


» 


-HIGH HEELS 


) 


e ey oi 
өзе 


2 
) 


2222 BROUGHT SCIENCE, -humanitarian developments Ж ШЕЕ 

969) TECHNOLOGY, AND © shared by the Islamic w 215 WATER AND PEREECTET 

227 INNOVATION INTO THE ЖО 717 | js e AE 
SPOTLIGHT-ANDWESEE © ну — x SURGICAL 


IT EVERY DAY! fe! The Prin С 100157727 


THIS BOOK IS BURSTING WITH 
FROM HISTORY AND MODERN DAY! 


e MORE THAN 1,001 FASCINATING FACTS! 


* PACKED WITH 400 EYE-CATCHING PHOTOGRAPHS AND A 
HIGHLY VISUAL DESIGN THAT BRINGS HISTORY TO LIFE 


4 
Ter | , $4.95 U.S. / $17.95 CAN / £9.99 
renes ISBN 978-1-4263-1258-8 / PRINTED IN CHINA 


GEOGRAPHIC 


NATIONAL : | CN RE ROS | 
kids.nationalgeographic.com | 9"781426"312588 | | | | 


fOOlinventions.com 


Ju IG) 10 
aam 
AVES CAT 


mI o 


= 


=> 


INVENTIONS & AWESOME 


FACTS 


FROM MUSLIM CIVILIZATION 


g 
i 


VA 


a nm o^ 
lir LM MAE: 


М 22% 


1 
" 
1 
i 
Í 


B Ds eriam 


HIO 


N 


O1 


э on O 


„ 


M od bad 
РО b LPS E 


YN AV KF ê 


SAMK 


х 


Ier 
n 


magine a time and place where people from 
different countries, cultures, religions, and 
backgrounds work together to discover 
new knowledge, understand more about the 
world, and develop new inventions while 
sharing them openly and freely. A world 
in which the common language is science 
and that language is used for the benefit 
of everyone. A world in which progress is based on the 


sharing of ideas and working collaboratively. 


Such a time and place existed. It was a long time ago and 


has almost been forgotten. 


1001 Inventions & Awesome Facts from Muslim Civilization 
takes you to that world and introduces you to some 

of the men and women who helped form the basis of 
much of modern science, technology, medicine, and 

the understanding of our world. These men and women 
studied science from previous civilizations and other 
cultures under the umbrella of Muslim culture and 
civilization. They built upon this knowledge and in turn 
passed the achievements on to the modern world. These 
important advancements took place during medieval 
times, or what some call "the Middle Ages." It was a 
time when it seemed there was little to no innovation 
happening. But in Muslim civilization, which stretched 
from Spain to China, the period was known as "the 
Golden Age." 


More than 300 years ago, the great Sir Isaac Newton 
remarked that if he had seen farther than others, 


it was because he was standing on the shoulders of 


FOREWORD 


giants. This expression of humility, and of appreciation 
for our predecessors, has been repeated by hundreds 

of scientists, scholars, engineers, and inventors ever 
since. In this book you will meet some of those "giants": 
scholars, scientists, inventors, engineers, architects, 
explorers, medical specialists, astronomers, and teachers. 
Their developments and achievements still touch our 


modern lives. 


The initiative 1001 Inventions brings this underappreciated 
time and place to life. 1001 Inventions has a powerful and 
fascinating story to tell, since the influence of Muslim 
heritage can be found today in our homes, schools, 
hospitals, farms, supermarkets, airports, parks, and 


gardens in countless ways. 


Millions of people around the world have experienced 1001 
Inventions, through interactive exhibitions, best-selling 
books, and the award-winning movie Library of Secrets, 
starring Oscar winner Sir Ben Kingsley, which has been 


downloaded more than 20 million times. 


This new book, published by National Geographic in 
partnership with the Foundation for Science, Technology 
and Civilisation, introduces more than 1,001 amazing facts 
about inventions from the Golden Age. I sincerely hope 

it will amaze and inspire you to stand on the shoulders 

of giants yourselves to see farther than anyone has ever 


done before. 


Professor Salim Al-Hassani 
Chief Editor and Chairman, FSTC 


We often think that people 
from а thousand years ago 
were living in the “Dark Ages.” But in 


from the 7th century onward 
there were amazing advances 
and inventions 


PEOPLE LIVING IN THE MUSLIM 
WORLD SAW WHAT THE 


EGYPTIANS, 
CHINESE, INDIANS, 
GREEKS, AND ROMANS 


HAD DISCOVERED 
AND SPENT THE NEXT 
ONE THOUSAND YEARS 
ADDING NEW DEVELOPMENTS 
AND IDEAS. 


ENGINEERS IN THE MUSLIM 
WORLD DESIGNED INTRIGUING 
MACHINES, INCLUDING 
A MECHANICAL. 

EI CDL J/ V N 17 
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THAT WAS 
POWERED BY 
FALLING METAL 
BALLS AND 
CONTROLLED BY , 
A HIDDEN 
WATER SYSTEM. 
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SPREAD FAR AND \ £- 
WIDE, AND FARMERS USED 
PUMPS TO V 


WATER CROPS у 
AND WINDMILLS | 
TO GRIND PRODUCE. А 


` ARABIC BOOKS were 


TRANSLATED INTO LATIN. THE 
SHARED KNOWLEDGE HELPED 
BRING ABOUT A NEW RUSH OF 
DEVELOPMENT IN EUROPE. 
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-FIHR BUILT DOMES 2 
world’s first university, LARGER THAN Vena 


where you can still study А 


L q | ; 
today. People also made ' 
breakthroughs in chemistry, ll \ = БИЕН ЕЕЕ A ; PL EE ASTRO N 0 M ERS 
physics/andimathematics: =’ DESIGNED . MAPPED THE STARS AND GAVE 
— DISTINCTIVE hu SOME OF.THEM NAMES WE 
TM ; STILL USE. ONE EVEN 
Ауаға; MENTIONED THE GALAXY 
Doctors coulditreat : rat г WE NOW CALL ANDROMEDA. · 
allikinds of diseases; 4 De - OTHERS WORKED OUT HOW 
_ fix your broken leg, d · TO PREDICT THE MOON'S 
E PHASES AND LUNAR AND 
+ ~N SOLAR ECLIPSES. ` 


eye operation; апа Stitch you up 
after surgery using 


CATGUT. 


founded the 


SELIMIYE 
MOSQUE 


MECHANICAL 


CLOCKS 
Al-Jazari's Elephant 
Clock is an example of 
the ingenious mechanical 
devices created during 


ç Afa | Mimar Sinan became 
WINGED е ړا‎ 1 Ai E: famous in 16th-century 
, - Bee jm Turkey for designing 
FLIGHT hac (тш taller and wider domed 
roofs than ever before. 
(pages 52-53) 


‘Abbas ibn Firnas 
experimented with flying 
using а form of glider. 


this golden age. 
(pages 38-39) 
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AL-IDRISI'S Cairo | 
WORLD MAP 
SURGICAL Long before Christopher 
INSTRUMENTS Columbus set sail, Muslim 
As far back as the 10th scholar Al-Idrisi created 
century, doctors in the an atlas showing Europe; 
Muslim world worked with Asia, and North Africa. 
surgical tools. Some look (pages 62-63) 
similar to those we 
use today. (pages 16-7) 
کے‎ 


Kufa PERSIA 


OLDEST 
UNIVERSITY 
Fatima al-Fihri financed 
апа supervisedithe 
building of the Al- 
Qarawiyin mosque in Fez; 
Morocco, 1150 years ago 
that is now the worldis - 

oldest active university. б 3 CAMERA COFFEE 
(pages 16-17) 1 OBSCURA A gth-century Abyssinian 
жү: E = Ibn al-Haytham’s experi- saw eating coffee beans 
ments with light in a LU energized his goats. 
dark room ("camera А Demand for the beans 
/ obscura” in Latin) paved “a, made Mocha, in Yemen, 
| the way for modern = m) thechief trading port. 
cameras. (pages 34-35) 72% =) (pages 80-81) 
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ASTROLABES жек Р _ Welcome to the Golden Age of Muslim civilization, during which men and women of 
Е — . different faiths and cultures worked together to create thousands of inventions and 
Меша НӨ) а m і | discoveries that changed the world. Stretching over three continents, from Spain and 
ы 44 northern Africa through the Middle East to Indonesia and China, Muslim civilization 
? contributed to advances in science, mathematics, medicine, technology, architecture, 


po: TER. n finding and more. Check out the map for highlights of things invented or discovered 
imections, telling time; . in this period. 


апа observing the sun 
апа stars. (pages 24-25) 


MAP KEY ` c 
Lands under Muslim 

OF WISDOM 2. times from the 7th 
In the early 9th century 7, M v7? ® Point of interest 
the top scientists and 

scholars from many, 

regions of the Muslim 
world gathered at the 


House of Wisdom to study, : 
debate, and make new | ZHENG HE'S 


discoveries. (pages 32-33) | WOODEN SHIPS 
xU Zheng He became E 
A admiral of the Chinese Wa% 
fleet, sailing in the early 22288 | 
WINDMILLS 1400s the biggest арака 
Five hundred years wooden ships the EM 
before windmills world had ever seen: 


= appeared in Europe, they © (pages 64-65) 

ч were a common sight in А 
P Arabian > 4 parts of the Muslim world. K 
Sea 1 (pages 84-85) `; 
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DISTILLATION 
Jabir ibn Hayyan | : 
perfected the distillation | j E- Am i | South China 
process, which is still NH i; T: I Р. Sea 
used in the creation of 

perfume, gasoline; 

plastics, and more. с: 
(pages 20-21) 
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Q You might be surprised to learn that 
many of the сойхейепйсеѕ and 

{ that you enjoy today were 
part of the everyday lives of people living 
in Muslim civilization a thousand years ago. 


Q Towns in Muslim civilization were 
highly advanced and organized for their time. The main 
features, like markets, homes, bathhouses, and parks, were 
neatly arranged around a mosque. 


(3) Most homes іп Muslim civilization had built-in air- 

conditioning, inner courtyards, gardens, and terraces. By contrast, 
most people in medieval cities elsewhere lived in far 
less comfortable dwellings 
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@ walls around houses had to be taller C iN 
than the height of a camel rider to protect 
the privacy of the people inside. 


Q To provide relief from the hot, desert 
climate, town planners created shade 
by designing narrow, covered streets, 
indoor and outdoor fountains, and court- 
yards with elaborate gardens. 


Q People of different faiths and ethnic 
backgrounds lived near each other and worked 
together in towns under Muslim rule. 


@ Shopping for food, spices, books, and other goods 
was done at an open-air market called a SOUK. 


Q People still shop at souks in 
Morocco, Turkey, and other 


Muslim countrie 


Q Homes in Muslim neighborhoods had to be built within 
earshot of the muezzin's call to prayer from the mosque. 


@ Córdoba, in Muslim Spain, was 
the of the 

9th- and 10th-century world. It fea- 
tured free schools, libraries, houses 
with running water, and much more. 


@ The fountains of the Alhambra Palace in Granada, 
Spain, still use the 650-year-old water system designed 
during Muslim rule. 


@ In contrast to Córdoba, London, England, 

and Paris, France, didn't have oil-burning Street- 
lights and paved roads for another several 
hundred years. 


@ In some more advanced towns, 

trash was collected regularly by a 
donkey cart, and streets were cleaned 
daily and drained by a system of sewers. 


@ Hammams, or bathhouses, were an important 
part of towns in Muslim civilization. 


Kalyan 

Mosque, 

Bukhara, q: 

WERGE | ©) lownspeople spent a part 

| of certain days at the hammam, 

relaxing in its Í Э! 
taking a hot bath, or plunging 
into a cold pool. 
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were a symbol of an earthly 
Paradise and a perfect place to 
sit and think. 


@ Beginning in the 8th century 
the designing and planting of 


Muslim world from Spain to India. 


( 3) Numerous references 
in the Quran to Paradise 
gardens, like Eden, 


Q Inthe 10th century 


gardens began to include shallow canals and fountains and 
flower beds arranged in geometric patterns. 


Q Water was scarce in much 
world, so garden fountains and canals 
ultimate display of wealth. 


Tountains so ti 


both beautiful t 


ч, 


нылды 
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In Muslim civilization gardens 


gardens spread across the 


@ You can still see such 
мала ia, at the 
Alhambra in Spain, and elsewhere 
in Europe, where formal gardens 
designed with similar features 
were created centuries later. 


of the Muslim 
were the 


Q The 12 lions around a garden fountain at the Alhambra in 
Spain formed a water clock when they were created 650 years ago. 
Back then, water spouted from the mouth of a different lion each hour. 


©) Flowers suchas ^ | 
Irises, I Carnatic | 
| 


all made their way from Muslim 
civilization to Europe and beyond. 


@ Gardens also were used for 


providing shade, and growing food. 


@ Glass rooms called 
"conservatories" evolved from 
Turkish kiosks, or koshks, and later were 
added to homes in Europe and elsewhere. 


Ф А koshk was a domed hall with open, arched sides. Bandstands and 
pavilions in city parks today trace back to them. 


Ө In Muslim civilization (OS G were usually 211121212 
to a mosque uu overlooked gardens. 


(D Gardens even inspired their own kind of Arabic poetry 
called rawdhiya. 


15 One of the most 

famous kiosks, Cinili Koshk, 
was built in 1473 at Topkapi 
Palace in Istanbul, Turkey. It 


is two stories tall 
SA. ^ — M апа topped 
Longwood Gardens > Ж with alomo 
Pennsylvania, U.S.A. 
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s AHL AL- ILM 


| (THE PEOPLE WITH 


| KNOWLEDGE") 
in the Muslim world | КІ NOWLED IGE E ees 
wanted to | IN TO THE FIRST s NOS 
LEARN NEW THINGS | ESTABLISHED IN A MOSQUE IN 


MEDINA IN WHAT IS NOW SAUDI 


ARABIA IN 622. 


| and share their discoveries. 


ACCORDING TO IBN HAWOAL, A TRAVEL- 

SOE CITY OF 

PALERMO, IN MUSLIM SICILY, 
NTUR 


Bythe LATE 9TH CENTURY 
almost every mosque had an 


ELEMENTARY SCHOOL 
for boys and girls. 


Kids began: school at the 
AGEO F SIX, much as they do now 


9 Students learned mostly through 


BEPETITIONand 
MEMORIZATIGN.: 


Today many Muslim students 
still memorize all 6,239 verses of 
the Quran. 


Wealthy people 
HIRED TUTORS 


had arched hallways - 
to teach their ү Пе ding to Wee 


children in | Es 5 
their HOMES. rayer Hal, living tooms for students, | 
a eo room for washing ees i 
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" Muslim school 


There were FO U R 


Most schools had Š 


_ IN I066 


Classroom 


THE FIRST 
MADRA A, 

- ASCHOOL 
SEPARATE. 
.FROMAMOSQUE, 
BAGHDAD. 


time was 


DIFFERENT KINDS 


regular (primary) schools; 
—no hem 
laughing, 


l w > 
or joki ng: and medical schools 


OF MUSLIM SCHOOLS: 


houses of readers (high schools); 
| houses of hadiths (religious schools), 


LIBRARIES 
filled with books 
written in Arabic 
on ADVANCED б 
TOPICS tike 
chemistry, physics, | 
and astronomy. 


15 6 FUNDS CALLED AWOAF 


were set up to build schools and to 


EDUCATION IN B :: PE ле By the 15th century, 


MU SLIM B for students. 6 THE OTTOMANS e 
CIVILIZATION — Was REVOLUTIONIZED sç H 
WAS FREE зу f 
Ao em ` www by setting up a kind of 8 9 
ude learning center called 2$ | 
5 a KULLIYE. $5 
quest for 2 
pocket money, | Î ADVANCED EDUCATION Each complex had a i 
arid a place among scholars of the Muslim | mosque, school, © 
to live world led to the spread of hospital, and = 


| universities—ultimately sparking 
Ë A REVIVAL 0F LEARNING 
throughout Europe. 


dining area. 


by Al-Muwaqqit 


y in 


supervised 


E 
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ein a timers room 


gear for the time, such as astronom) 


its MOST SOUTHERLY, 
of the big universities was in — 
TIMBUKTU IN MALI; 
WEST AFRICA 2/1: 

12th century it had about 


25,000 STUDENTS. 


hig 


pped with 


equi 
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and water clock 
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SOME SCHOOLS ATTACHED 
TO MOSQUES IN THE MEDIEVAL š 
MUSLIM WORLD ARE CONSID- 5 
| о JẸ 


E 
Much LIKE COLLEGE KIDS TODAY, 


students at universities in 
the Muslim world took 


ENTRANCE EXAMS, Ш> / 68 
| JOINED STUDY GROUPS, B - = 


& — eee KNOWLEDGE 
FNAL EXAMS TO GRADUATE. | 7 ec ' sx /IDEAS A AND STYLES. 


@ Baghdad was the Paris of 
the 9th century. 


Q Popular fashions like high-heeled shoes and 
lightweight pants en summer firsbcameor tothe 
scene in Muslim Spain more than a thousand years ago. 


@ Ziryab was а ЕЕ trendsetter of his time, influencing 
everything from ha sto clothing styles. 


@ ^s students left Córdoba, they took with them the 
pioneered by Ziryab, eventually spreading 
them throughout Europe and North Africa. 


Q People in Muslim Spain began to follow a fashion calendar, 
changing their styles based on the season like we do now. 


| 
L 

| 
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@ Women in Muslim Spain went from wear- 
ing their hair in a single braid down the back to 
a bolder, shorter cut with bangs. 


© Men began shaving their beards—a 
nod to Ziryab’s clean-cut look. 


Ф) Ziryab opened a Salon and cosmetology school 
close to Alcazar, the emir’s palace in Cordoba, Spain. 


Ф) Today there is a street, a 
hotel, a club, or a cafe named 
after Ziryab in every country 
in the Muslim world. 


became all the rage in Muslim Spain and a 
staple of the export trade. 


@ Two medieval Muslim writers even 
penned a book detailing how to make these 
sandals, down to the specific stitching. 


Re 


(D Some shoemakers put sand below the heel to make 
it higher and to act as a shock absorber, creating one of the 
earliest forms of high heels. 


@ Today's global Muslim fashion industry is 
estimated to be worth around $96 billion. 
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FILTERED INTO 
EUROBE BY WAY OF 
MERCHANTS. 


Іп keeping with the Islan 
tradition of cleanliness, 
the HAMMAM, or 
bathhouse, became an 
institution in every, 
Muslim town! 
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< < 3 The ЕМЕН is believed! 

Ë to be the origin of most 

MODERN HEALTH 

and fitness clubs around 
the world: 


Bathhouses were used by 
теп апа Women but at 
SEPARATE TIMES: 
Women usually bathed’ 

during the дау апа 
men at ЕШ ght Of ee 


PUBLIC BAT ne 
a comeback in 

һе 17th сепї s 
o about 


P ye 


Turkish baths. 
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The first E TURKISH 
- BATH оре 
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Picking upo 
Style; 1 Turkish baths were 


DOMED S 


Some hammams from 
THE MEDIEVAL 
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Still in use in plat 
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DECORATING i 
| HANDS 


(D PLAYFUL FACTS 


— = — анын ы ын | 


` © Chess de lows oped more than a thousand | 
| years а00--50 long ago that we don't know if it | 
began in India or Persia. | 


@ ^n Icelandic story tells of the Danish king 
Knut the Great playing chess in 1027. 


Ө Chess may be based on the Indian game Chaturanga, which 
means "having four limbs’ —a likely reference to 
India’s army, sail had four branches: soldiers, 

horsemen, chariots, and elephants. 


@ Persians changed the name to Chatrang and 
used itin War games. 


B At the time, inem playing pieces were 
(the king); Firzan (a general, who became the 
jueen in T E 

D n s now 1 | the bisho| as 


(Ara bic for “t horse: Rukh (a char 
is now the castle, or rook); and Baidaq ithe 2 
pawn). 


Ө ^ 13th-century manuscript from AAEE 

Spain shows women playing eed jt 
eim ntt: etta cela 112 

chess. 4 
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7 The rules of chess have not | 
changed in nearly 500 years. 


Q There are 
169,518,829,100,544,000,000,000,000,000 


ways to play the first ten moves in chess. 
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© Travelers going from Persia to Spain took the game 
with them and introduced chess to Europe. 


@ A Russian chess champion won 
a match with a move used by the Arab 
master Al-Suli 1,000 years ago. 


The word comes from 
the Persian word Shahmat, meaning 
“the king is dead.” 


12 Inthe 18th and 19th centuries people traveled miles to watch 
the "Iron Muslim,” a chess-playing robot whose moves 
were actually made by a chess master hiding below the board. 


@ Fifteen different chess masters ` - 
operated the "Iron Muslim" 
during its 85-year reign 

over other top players of the day. 


(B Two German men set a record in 
2010 for the longest chess game to 
date: 40 hours and 20 minutes. 
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@ Astrolabes, sextants, and 
quadrants helped make possible |Ж @ It could take up to six months 
E the European age of exploration. to build an astrolabe because the 
р makers had to do extensive calcu- 
lations, engrave all the parts, and 
then assemble them all by hand. 


@ We now know the solar apogee 
changes because the whole solar 
system moves within our galaxy, 


@ The study of astronomy in the 
Muslim world included scholars 
from many countries and cultures. 


® An amazing observatory built 
by Taqi al-Din in Istanbul, Turkey, 
had an impressive array of 
extremely large instruments. 


| (D The Maragha Observatory, 
built in northern Persia (now 
Iran) in 1263, had a library with 
more than 40,000 books. 


@ Keeping a close watch on the 
sky helped Muslims find the 
direction of Mecca. 


@ The Quran encourages the 
exploration of the universe. 


@) Large instruments made more 


(B The astronomer Jamal al-Din ; 
accurate measurements possible. Ñ 


introduced instruments from the 
observatory to China in 1267. 


Q Muslim civilization was the first 
to use observatories and large 
instruments to study the heavens. 


@ Using a huge astrolabe, 
astronomer Ibn Yunus recorded 
more than 10,000 observations 
of the sun's position during a 
30-year period. 


r= r= e 2 
| / 


D The foundations of the Maragha BN. 
Observatory still stand in Iran. 


(B The 15th-century astronomer- 
mathematician Ulugh Beg created 
an observatory in Samarkand (now 
in Uzbekistan) while he was Sultan. 


© The astrolabe was based on the 
ancient Greek model of the uni- 
verse described by Ptolemy that 
showed the Earth at the center. 


optical telescopes are in the 
Canary Islands. 


(D Ulugh Beg calculated the 
length of a year at 365 days, 

6 hours, 10 minutes, and 8 
seconds—just 62 seconds longer 
than the figure used today! 


Q The Toledan Tables are astro- 
nomical charts that predict the 
movements of the moon, sun, and 
planets and take their name from 
Toledo, a city in Muslim Spain. 


6) The need to know prayer times 
and the direction of Mecca led to Ө Іп 1387 Geoffrey Chaucer, 
substantial improvements inthe |М author of The Canterbury Tales, 
astrolabe, an ancient instrument. gave his young son an astrolabe 
made to work for Oxford, 
England. 


@ In the oth century ‘Abbas ibn 
Firnas built a glass planetarium in 
his house that showed images of 
stars and planets. 


@ The tables were written in the 
9th century by Al-Zarqali, known 
in Europe as Arzachel. 


Ei @ An astrolabe shows how the 
3-D sky would look if it were flat. 


6) People used astrolabes to tell 
ШІ time day or night, navigate on 
land, and calculate sunrise and 
sunset. 


Q For 300 years Muslim-ruled 
Toledo was the world's center for 
astronomy and science. 


©) Caliph Al-Ma’mum set up a 

government-funded observatory 
in Baghdad so astronomers could 
work together in one place. 


Є) Astrolabes are some- 
times called the pocket 
watches of the medi- 

| eval world. 


(D Many astronomical instru- 
ments created in the early Muslim 
world greatly influenced the devel- 
opment of modern astronomy. 


@ Scientists at Al-Ma’mum’s 
observatory discovered that the 


Є) Observations 


solar apogee, the point at which 6) These new kinds of astrolabes, ЕМ made with 

the sun is farthest from the sextants, and quadrants measured astrolabes 

Earth, changes over time. the height of stars more accu- Ш helped lead to 
the birth of 


rately than ever before. 


modern 
astronomy. 


Ahmad al-Mizzi's М M IM WORLD Q The A 
quadrant; fore. EN š = A MU E md astrolabe is E 
ground: armillary considered the 
sphere | А most important 
=> - . . M astronomical observa- 
tional device before the 
invention of the telescope. 
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MEME ез The universal astrolabe, 
Ml developed in Toledo, Spain, in 
the 11th century by Al-Zarqali, § 
changed star mapping forever. 


Ө) The universal astrolabe could 
be used at any location. 


NES С) Jabir ibn Aflah, who lived in 
ЕЙ the 1100s, designed the first por- 
table celestial globe to measure 
coordinates of planets and stars. 


@ Since ancient times astrono- B 
| mers have used 3-D models of the 


- 


heavens called armillary spheres. M 


@ These spheres have rings set 
at different angles to show the 
paths of planets and stars. 


ШИ (D By the 10th century the Muslim Ë 
world was producing two kinds of 
complex armillary spheres: demon- 
strational and observational. 


@ Observational armillary 
spheres had sighting devices on 
the rings but did not have the 
Earth at the center. 
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E: @ Using armillary spheres, 


M used to make astrolabes. 
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astronomers produced flat charts 
of the heavens, which were then 
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@ Ninth-century astronomer 
Al-Farghani, inspired by Ptolemy’s 
work, wrote several important 
books on astronomy. 


@ The medieval Italian poet Dante 
probably gained his astronomical 
knowledge by studying the writings 
of Al-Farghani in Latin. 


6) One of Al-Farghani’s most 
important inventions was the 
Nilometer. Created in 861, it 
measured the water level of the 
Nile at Cairo and predicted when 
the river would flood each year. 


Ф) Scientist Al-Battani combined 
elements of the celestial globe and 
the armillary sphere to create a 

new instrument called al-baydha, 
meaning “the egg.” 


©) The creation of the egg 
allowed astronomers to assign 
stars exact coordinates. 


©) Al-Battani is also credited 
with timing new moons, calculat- 
ing the length of solar years, and 
predicting eclipses. 


sssi 


@) Star maps created in the 
Muslim world were used in Europe 
and the Far East for centuries. 


ӨЭ Today the names of more 


than 165 stars reflect their 
Arabic origins. 


AN 


@ In 964 Al-Sufi named his find 
"little cloud.” Today we call it the 
Andromeda galaxy. 
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@ Astronomer-scientist Thabit 
ibn Qurra lived in Baghdad, where 
he revised many Arabic versions of 
ancient Greek and Syriac science 
texts before his death in 901. 


© The Andromeda galaxy is about Ñ = 


2.6 million light-years from Earth. 


€) Our Milky Way galaxy contains 
between 200 and 400 billion stars. 


@ The Milky Way is about 1,000 
light-years thick, 100,000 light- 
years wide, and 300,000 light- 
years around. 


@) The terms "zenith" and 
"azimuth" are of Arabic origin. 


@ The astronomer Qutb al-Din 
al-Shirazi and his student Kamal — & 
al-Din al-Farisi explained that rain- 
bows are caused by the refraction 

of the sun's rays in raindrops. 


@ According to Copernicus, Ibn 
Rushd, a philosopher and astrono- 
mer, may have observed sunspots. 


( The 17th-century astronomer 
Galileo Galilei built on Latin 
translations of works written by 
astronomers of the Muslim world. 


@ Six hundred years before 
Galileo, Muslim astronomer 
Al-Biruni explored the idea that 
the Earth rotated on its own axis. 


(D Al-Biruni is sometimes 
referred to as the Leonardo da 
Vinci of his day. 


@ Human eyes can take up to an 
hour to adjust to the night sky. 
This “night vision” makes it easier M 
to see things that are farther 
away and less bright in the sky. 


@) There are five planets that 
can be easily seen with the naked 
eye: Mercury, Venus, Jupiter, 
Mars, and Saturn. 


@ Unlike some earlier thinkers, 
the scholars of Muslim civilization 
did not believe that the stars and 
planets were living beings. 


@ The Quran talks about 
orbits and other astronomical 
phenomena. > 


(B The groundbreaking observa- 
tions and discoveries made by 
astronomers during Muslim 
civilization had a huge impact on 
astronomy in the Western world. 


@ Among those influenced by 
these medieval astronomers was 
Nicolaus Copernicus, a 
Renaissance scholar from Poland 
who is often considered the 
founder of modern astronomy. 


(B Copernicus relied heavily on 
work done by Al-Battani, Ibn al- 
Shatir, Nasir al-Din al-Tusi, and 
other astronomers of the 

Muslim world. 


© Іп Muslim civilization astronomers were 
fascinated by the phases of the Moon. 


@ Astronomers in early Muslim civilization calculated 
precisely when the crescent moon would appear— 
important information for followers of Islam. 


з ihe crescent moon marks the 
beginning of Ramadan and other 


months in the Islamic calendar: 


Ө Al-Kindi, a 9th-century 


Iraqi, developed a type of 
trigonometry that dealt 
with Spheres rather than 
flat surfaces. 


Q People needed 


to find the direction 
РЕ of Mecca, the holiest place of Islam, 


from any point on Earth. 


@ Astronomer Muhammad Abu al-Wafa' 
al-Buzjani discovered that the moon 

travels at different speeds during 
different phases. 


scovering tnis 
lunar phenomenon, 


Moon during 
lunar eclipse 


but his discovery came 600 
WEES ELIE Al-Buzjani's 


Ө асгатег on the < “ 
moon is named after Abu al-Wafa' al- — 


@ The Islamic calendar has 
[2 months that begin and end 
according to the lunar cycle. 


@ The hijri, or Islamic calendar, is only 354 or 355 days 
long, 11 days shorter than calendars based on the Earth’s 
revolution around the sun. 


QD Ibn al-Haytham studied the moon 
at different positions in the sky and 
discovered that its 

near the horizon 
is an The moon's 
real size never changes. 


(B The moon's surface has more than 650 
dark and light patches, caused by 
craters and other formations. Thirteen of 
these are named for Muslim astronomers. 


@ are part of what 
creates the 
phenomenon we can see from the Earth. 
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arved into a mammoth s 


is believed to be about 
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Ninth-century scholars at the 
HOUSE OF WISDOM 

in Baghdad translated and studied 
texts about astronomy from 


GREEK, ROMAN, and 


other early civilizations. 
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IN CONSTELLATIONS DO 
CHANGE POSITION—THEY’RE 

- JUST SO FAR AWAY, WE CAN'T 
SEE THEM MOVE. 
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identified 
and illustrated 
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Cold stars 
are 


BLUE. 


CONSTELLATIONS. 


| Today we still know many 
| constellations by names from 


ANCIENT GREEK legends, including 


HERCULES 
the HERO... 


PEGASUS the WINGED HORSE. 


al FACTS ABOUT 


š "FIXED STARS” referred to 


CELESTIAL 
OBJECTS 


THAT DID NOT SEEM 
TO MOVE IN RELATION 
TO OTHER STARS. 


Astronomers in the Muslim world 
made better and better 

. CELESTIAL GLOBES 

to mark the positions of the stars 
and constellations in the sky. 
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STAR MAPS AND ASTRONOMICAL 
TABLES from the Muslim world were used 
in Europe and the Far East for centuries. 
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“FIVE MAIN STARSFORM THE `: 

‚. W-SHAPED CONSTELLATION | 

. CASSIOPEIA. SEVERALOFITS . . 

- STAR.NAMES HAVE ARABIC - 

: ROOTS, INCLUDING SCHEDAR; 
FROM SADR, MEANING "BREAST" 
IN ARABIC, AND САРН, FROM 
КАРЕ, MEANING “STAINED HAND:" 


| 
Muslim astronomers 
recorded and named more than 


ASTRONOMERS 

of Muslim civilization | ‚000 STARS. 
added ARABIC NAMES 
and their own 
sightings of STARS. 


IUS SSES ETAT ERN ET 
СР, as ia R 


= ONE HUNDRED AND SIXTY STARS 


are known worldwide by their 
Arabic names, including Aldebaran (Follower? of the 
Pleiades) and Altair (“The Flying Eagle"). 
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24 
2s The “modern family" of 
CONSTELLATIONS includes 
19 land animals, ІЗ humans, 
IO water creatures, 
9 birds, 2 centaurs, 
a dragon, a unicorn, 


AND A HEAD OF HAIR! 


Sy 


) You can still see parts of a star map on the dome of a 
N bathhouse іп an 8th-century palace in a desert in Jordan. 


mw @ dr | E 


@ Since the beginning of time 

every civilization has seen birds flying 
and dreamed of taking 

flight themselves. | 


@ The Muslim civilization’s fascination with flight 
was reinforced by the belief that when the hartian sonl reaches the 
highest level of goodness it rises above the Earth. 


з Іп his Book of Kings; Persian 

poet Al-Firdawsi recounted the 
tale of King Kai Kawus, who was 
tempted by evil spirits to invade 
heaven on a flying throne: 
The eagles carrying 
him grew tired, and he 
crashed. 


Ө In 852 a Spanish Muslim named "Abbas ibn Firnas made an early 
parachute jump when he leaped off the Great Mosque of 
Córdoba (Spain) wearing a reinforced cloak. 


Q Ibn Firnas's hang glider resembled 


@ The story goes that Ibn Firnas 
using his glider 
before crashing to the ground. 


Q The rough landing made the flight pioneer realize the 
important role a bird's tail plays in a safe landing. Today all 


planes touch down with rear wheels first. Chinese red dragon kite 
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A model of 
Ibn Firnas's 
hang glider 


Q Leonardo da Vinci made his famous drawings of 
birdlike flying machines almost seven centuries 
after "Abbas ibn Firnas's experiments with flight. 


М Ф In 1971a Turkish postage stamp 
ШЕ was created to honor Hazarfen Ahmed 
Celebi's famous flight. | 3 = 


Q Great snipes hold the 
record for the fastest long- 
distance, nonstop flight 

of any living bird. 


@ The first manned rocket was said to have been invented 
by Lagari Hasan Celebi in 1633. 


QD Lagari Hasan Celebi’s gunpowder-fueled rocket 
carried him high into the sky, where he spread out wings and 
glided down before plunging into the water. For his risky flight Celebi 
was rewarded with a pouch of gold 
from the Sultan. 


15 Birds also 
influenced the 
thinking of the 


Wright brothers, 


whose successful 


flight in 1903 paved 
the way for. 
modern 


aviation. 


КЕГІН TRS | Drawing on Persian, Indian, 
A THOUSAND YEAR | | and Greek texts, the 
SARL) | HOUSE OF WISDOM SCHOLARS 
BOASTED THE TOP | accumulated one of the greatest 
| ЛЕМ | COLLECTIONS OF KNOWLEDGE 


OF THEE OR | in the known world; then built on 


HOUSE OF He ara | it through their own discoveries. 


RESEARCH AND / The House of Wisdom 4:269 
DISCOVERIES NN featured a massive «gz 
AT THE HOUSE OF WISDOM #9) library, with books on 
PROVIDED A FOUNDATION | every subject 
FOR MUCH 0F WHAT WE written in 
KNOW TODAY. many languages. 


This intelectual powerhouse 


turned 2/54/71 into the | ы aX 
e forthe arts, | | TO CARRY HUNDREDS OF 
sciences, and writing and played | BOOKS AND MANUSCRIPTS 
a major part in the OE and | FROM OTHER PARTS OF THE MUSLIM 
ee ТКН WLEDGE in | WORLD TO THE HOUSE OF WISDOM. 
these fields 


THE LIBRARY GREW 


SO LARGE THAT АІ-МАМОМ 
BUILT EXTENSIONS TO HOUSE 
DIFFERENT BRANCHES OF 


| AL-MA'MUN KEPT HAVING TO 
KNOWLEDGE. EXPAND THE STUDY CENTERS. 


т. MUN'BUI 0R ч | = SCHOLARS 
BAGHDAD AND SET UP.DOZENS OFJ'EARNIN MET EACH DAY FOR 


| jun ALL OVER THE MUSLIM DR US READING, WRITING, 
MAM | / BRS AND DISCUSSION, 
encouraged translators and scholars to ғ | 1 CT USING SEVERAL 
add to the House of Wisdom library by i / 52 4 І LANGUAGES; 
paying them the weight of each Ш 5. Ew C | INCLUDING ARABIC, 


PERSIAN} GREEK; 
AND SYRIAC. 
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OTHER CITIES IN THE ISLAMIC WORLD 


FOLLOWED BAGHDAD'S LEAD AND 
ESTABLISHED THEIR OWN VERSIONS OF 
THE HOUSE OF WISDOM IN THE 


9TH AND IOTH CENTURIES. 
174 E Mu | 18 


n y Сы The three Banu Musa brothers, 


= & Z Z 59% З 
х А А” V' KY A mathematicians and inventors of 

-  Thelegacy of Al-Ma'mun T at CZ | machines and trick devices, Al- 

lives on through a lunar crater named ҒА ЖР” “е | Khwarizmi, the “father of algebra? 

“ALM AN 0 МЕ- "ALGEBRA" COMES FROM THE TITLE OF ашна: 
THE BOOKA -JABR WA-'L-MUQABALAH, mathematician, and inventor of 

: BY AL- RIZMI, A SCHOLAR AT THE Ë 
a deserved tribute to a ruler who was a HOUSE OF WISDOM DURING THE EARLY decryption, are among the House 


great lover of knowledge. 9TH CENTURY. of Wisdom's most famous 


SCHOLARS. 


FACIS HOUSE OF WISDOM 


19 | SOME LIBRARIES WERE SUPER-LAVISH: TOPPED | = атр P баз. 
WITH DOMES, WITH NUMEROUS ROOMS FILLED БЕ ATONEPOINT ` | ў 
WITH BOOKS AND SURROUNDED BY GARDENS | GHDAD HA 


LIBRARIES 
AND MORETHANA | | c 
TES r 
ONE STREET 


IN MARRAKECH, MOROCCO, HAD 


ШЕ) zi ^ BOOKSHOPS 


z. 2 | Wr " AND LIBRARIES, 
О FARES OP 


BO se" 
туе ДАА gs | КЕШІ | SE ЕТ 


ae MANY MUSLIM TOWNS ALSO HAD BOOKSHOPS, WHERE PEOPLE 
WOULD COME TO BUY BOOKS, EAT AND DRINK, AND SHARE IDEAS. 


25 THE LIBRARY OF THE 
ZAYTUNA MOSQUE 
DJMORE THAN 


00К5 
FELON ON HIMA 


Q The scholars of Islam inherited two theories about 


vision from the Greeks. One said we see because our eyes send out 


invisible, laser-like rays that make objects visible. The other said we 


see because something representing an object enters our eyes. 


@ Ninth-century philosopher and 
scientist Al-Kindi was the first 
to lay down the foundations of 
modern-day optics by 
questioning earlier theories of vision. 


Ө Al-Kindi has been called “one 
of the I2 giant minds of 
history.” 


Ө One century later Ibn al-Haytham, a mathematician, 
astronomer, and physicist, used experiments to build on Al-Kindi’s 
work and provide a more detailed theory of VISION. 


@ ^-Kindis meticulous experiments helped | 
Ibn al-Haytham prove that we see because of light rays | 
coming from the objects, not from the eye. | 
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@ Scientific theories were often accepted without proof. 
Ibn al-Haytham was among the first to use experiments to check 
theories. His Book of 0ptics is still a brilliant example of 
writing on the scientific method. 


@ Much of what we know about the 
eye and vision was influenced 
by scientists in Muslim civilization, 
beginning in the 9th century. 


View through a'cameña lens 
with апореп shutter] '' 


© Leonardo da Vinci may have learned from Ibn al- 
Haytham's book after it was translated from Arabic into Latin. 


@ Опе day Ibn al-Haytham 
noticed that light coming 
through a tiny hole in the 


shutters projected an image of the 
outside world onto the opposite wall of his dark room. 


tothe 
Jagma к. 


(B The camera obscura had a large, dark chamber the size 
of a small room with a pinhole opening for light to shine through. 

КК The image projected by the light was traced onto a 
2 M drawing surface to produce a picture. 


obscura" isthe 
Latin translation of 
"dark room," 

as originally used by 

Ibn al-Haytham, which in 
modern Arabic is qamara. 


MATHEMATICAL INVENTIONS 
FROM MUSLIM CIVILIZATION INCLUDE 


ADDITIONS TO GEOMETRY, THE 
DECIMAL NUMBERING SYSTEM, 
THE SINE AND COSINE, AND 
MANY OTHERS OF 
AL-KHWARIZMI NEXT TIME ALGEBRA REVOLUTIONIZED 
IS KNOWNIN LATIN "TAN MO. THE WAY PEOPLE LOOKED AT 
AS 0 85:5 К, А" In ALL UC 
NUVIDENS 
THE SOURCE OF THE MATH AND ú NA SV E Ree Ka © 
COMPUTER TERM "ALGORITHM." AND BROKE AWAY FRO 


GEOMETRY, WHICH WAS THE ROOT 
OF THE GREEK CONCEPT OF MATH. 


another mathematician, 


book, 
Al-Jabr wa-'I-Muqabala, | BUILT UN TRE RUL i А | 
introduced the | and started an algebra school that 
basics of the algebra | : ED FOR | 
we study today. hundred years. 
EVEN POETS LOVED MATH 


Without this contribution, there 
would be no way to tell the difference 
between numbers like 22 and 


| E E 
ALGEBRA 


MADE ITS 


WAY TO EUROPE (0, I, 2,...9) 


BY THE | in which numbers were 


written as letters of the alphabet; | 
| 2TH ІШІНЕН nunibers ARABIC NUMERALS, 
were written using ancient 
000 


CENTURY. 


Babylonian symbols. 


n 3 


ARABIC NUMERALS ` 


GHUBARI | 
- NUMBERS | 


Al-Biruni, one of the greatest 
Muslim scholars, used 


\ to come up with a figure 


" forthe EARTH'S 
CIRCUMFERENCE 


that is very close to the 
accepted value today. 
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IN THE IOTH CENTURY, IBN AL-HAYTHAM 
WAS THE FIRST MATHEMATICIAN TO 
FIGURE OUT HOW TO FIND ALL 


ASET OF UNIQUE NUMBERS THAT HAS 
FASCINATED THINKERS SINCE 
ANCIENT TIMES. 


ARABIC NUMERALS MADE CALCULATIONS MUCH EASIER THAN 


THE ROMAN SYSTEM, WHICH USED LETTERS LIKE 


FOR NUMBERS, OR OTHER SYSTEMS BASED ON 
DOTS, PICTOGRAPHS, OR FINGER COUNTING. 


Га 


Arabic numerals also led 
to the introduction of 


and decimal fractions 

(a fraction in which the 

bottom number is a 
power of ten). 


INTHE EARLY 
9TH CENTURY 
AL-KHWARIZMI CONSTRUCTED 
TABLES THAT COULD HELP 
CALCULATE MISSING VALUES IN 


_ ASTRONOMICAL TABLES 
THAT DEFINE THE LOCATIONS OF 


COMPLEX GEOMETRIC P 


18, 
STUDENTS 


EUROPE. 


FACTS 


EI TODAY TRIGONOMETRY 
IS USED TO 
DISTANCES 
TO THE STARS, MEASURE THE 


HEIGHTS OF BUILDINGS AND TREES, 


AND MUCH MORE. 


2 \T TERNS WERE USED IN MUSLIM 
GE. ARCHITECTURE TO COVER WALLS, CEILINGS, FLOORS, AND ARCHES. 


23 
WITH A BETTER UNDERSTANDING FOR MATH, PEOPLE WERE ABLE 
TO USE IT AS A PRACTICAL TOOL IN BUSINESS AND EVERYDAY LIFE. 


Q Seven hundred years ago, people 
in Muslim civilization designed clever clocks 
that were powered by 


r Ancient Egyptians introduced Water clocks, also known as 
C epsydr 05, around 1500 B.C.E. that measured time by the flow 
of water in a small bowl. They could be used 24/7 in any weather. 


@ Water clocks were used in 
ancient Greece to time the 
length of speeches. Scholars in 
the Muslim world improved 
upon early Greek and Indian 
clocks and pioneered many 
ideas in mechanical design. 


Ө In Greek clepsydra means “water thief.” 


@ The study of timekeeping is known as horology. 


B ЕЕ 

[үш 21) to Muslims, who 
had to know USE отаси 
IVE dal y 


Q Clocks also helped keep track 
of important religious events, 
such as when to begin and end the 
daily fast during Ramadan when it 
was hard to see the dawn or sunset. 


Modern clock mechanisms 


О Inthe 13th century Al-Jazari, 

a brilliant mechanical engineer, wrote a 
book detailing how to dozens of 
machines, including clocks of different 
types, shapes, and sizes. 


(D Al-Jazari's also 
included an automatic hand-washing machine 
and a robotic 


@ One of Al-Jazari’s most famous creations 
was the Elephant Clock, which was pow- 
ered by water and weights and featured moving 
robotic figures that told the time. 


еки 
ХЫ 
АЛДА 


@ The Elephant Clock had Chinese 
dragons, an Egyptian phoenix, and 
wooden robots in Arabian clothing, reflecting 
cultures from across the world. 


dramatic 


cymbal. 


a 


@ Inside the Elephant Clock was a hidden water tank with a 
slowly sinking bowl that controlled the timing. « 


15 Water and mechanical clocks were 
the standard way to tell time all 
over the world until Dutch scientist 
Christiaa 


n Huygens introduced the 
ІШІШІТІ CIOC in 1656. 
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udoku, a modern version 
of a mind game 


@ In oth-century Baghdad three mathematicians—the 
Banu Musa brothers—invented ingenious trick 
devices and puzzles that were like the Ru bik’s Cube 
of their time. 


Rubik’s Cubes have been sold 
worldwide. Stacked end to end, 
they would Stretch from the 
North Pole to the South Pole! 


Ihe KPI for solving а — 
pleases 6.24 seconds.  ' 


$ = : 
@ More than 300 million С ы NN E 
p 


Q The Banu Musa brothers built upon Greek knowledge and helped 
kick-start the development of mechanical technology. 


© Al-Biruni, another scholar in 
the medieval Muslim world, wrote 
about number puzzles. 


Q It took a few centuries for 
Europe to catch up with the 
innovative thinkers of Muslim civilization. 


Q Published around 850, the Banu Musa brothers' Book of 
Ingenious Devices illustrated morethan 100 trick gadgets 
and machines. 
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Q Some of the brothers funnier trick 

devices involved fake animals and sounds and relied on 
water and air pressure, siphons, and floats to 
make them work. 


@ The brothers are credited with developing the earliest 
robotic devices, including birds that could sing and flap 
their wings. 


11. The Banu Musa brothers also are credited with 
creating the on-off switch and the gas mask. 


QD The brothers’ “magic flask” had two spouts that could be 
filled with different-color liquids. The liquids would mysteriously 
swap places inside the flask so the “wrong” color would come out 
of each spout. 


flute player, 


computer 


@ These devices provided hours of entertainment and 
showed an incredible level of skill and craftsmanship. 


Q The "Drinking Bull" 
featured a robotic bull that gave a 
contented sigh after drinking water. 
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@ Medieval Muslim musicians 
played the qitan G, an early version of 
the guitar. 


Q The musical scale has its roots in early Muslim civilization. 
Do, re, mi, fa, sol, la, ti sound close to the names of 
some letters of the Arabic alphabet, such as dal, ra, mim, and fa. 


(3) Roving musicians, 
ers helped 


© ^ handsome singer called Ziryab was a very 
popular musician in oth-century Muslim Spain. 


s Al-Farabi, Sari 


“14150010017 (s 


28 Р? | 
@ As entertainer to the court of the 
Umayyad Caliph in Cordoba, Ziryab was paid a 
monthly salary of 


| 
| 
| 
| 
| 


@ Today the guitar is considered the 
most popular instrument in the world. 
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Q Musicians are shown | Arabic instruments 


"Ae in artwork from Spain that dates back nearly 
: 800 years. 


О Ziryab established the world’s first MUSIC 
school and brought the a plucked 
string instrument, to Europe. 


D Ziryab plucked the strings 
of his lute with a vulture's feather. 


@ The lute became the most important 
instrument for popular music 
in Europe from the [4th to [7th 
centuries. 


Ф The word tar, in gitara, means ‘strii 
in Persian. 


military band 


motivate 


@ It's said that European military bands started after 
| urkish troops abandoned their instruments 
after their defeat in Vienna, Austria, in 1683. 


15; Napoleon Bonaparte's 
military band had kettledrums, cym- 
bals, and other Turkish instruments. 
Its noisy fanfare helped win the 


Close-up of the Battle of Austerlitz in 1805. 


soundhole of a lute 


| hal na Сес 
БАГ 8Ш medical 
schools were © 


101001 


| în the early Muslim en = 
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Unlike healing centers 
in ancient Greece; 
thepioneering 
health-care system in 
Muslim civilization 
focused оп diagnosis апа 
treatment rather than on 
miraculous cures. 


Muslim rulers competed 
with each other to create 
the best hospitals that 
were open to all. 


The li 


10501 


emadi. 
| was © : 
in Cairo, ЕЕ, S 
872 and 874. It was 
named for Ahmad ibn 
Tulun, a Muslim 
ruler in Egypt. 


== г. а ا‎ 
| Eleventh-century doctor 
| - and philosopher Ibn Sina 
A thousand years ago in. | developed a . for 
the Muslim world medical | treating | 
care was for every- | that is still 
опе and included very | i used today. 


advanced treatments— ` 
even | 


Muslim hospitals 
) were built in southern 
Spain and other areas 
of Europe that were 
part of Muslim 
civilization. 


Ø Sina was known 
“ іп ine West 


-Muslim hospitals were а 
“funded by © Е 2 


Ibn Ey: wrote a uo 
ae redial textbook 


| the Code of Laws in ` 
| Medicine, or |) — 


The earliest hospitals in 

Muslim civilization began 

in in the 
8th century. 


Muslimiscientist Sinan 
ibn Thabit ibn Qurra 2 

started Mobile hos- SEE sss 

pital services for rural |2 | 


7 Fo 


Ta p QI 
The Canon was printed 2 
u iu озо edical books from T а В 
E M standard text ; ET worda а 
i 1 nones Usandyearsago | : 
1 Н | п show that physicians = —- 


medical schools. back then were very 


Б em at treating 


Al-Nuri Hospital 
in Damascus, Syria, had 
inspectors who made sure 
the care met the 


| «e | The Canon 
1 p | influenced 
Poa Fhe layout of 
| — modern medi- 
cal оро such as 


А! 


Ibn al-Nafis was 
not credited with — 
this great discovery until | 
1957! | 


ast published i in БО amd 
now the leading Western 
medical encyclopedia. 


Р ғ 
EN 


| 
| 
| 


the ai ЖОШО 
glish doctor named 
а iscovered | 


Medical books written 
in the 11th-century 
Muslim world were 
lated ic | | 


Arabic into Latin to help | h ; 
spread the . | Of the 30 ophthalmology | 


ERES ERE . [textbooks written during | 
Ф aos ge ШІ unope, early Muslim civilization, 


Edward Jenner is harmacies existed in 


credited as the pioneer Iraq more t! Е: | In 1967 the Turkish Postal 


Authority issued a stamp 


| cw of 
"A-Kindi,a9th- 7 Unlike inoculation, Jenner ERUNT 19 ШЕ 
century scholar, ^ ^ ^ used cowpox rather Oth anniversary 
was the first doctor | | than smallpox itself to Қ = of the first 
to systematically 7 ^ provide protection. y . smallpox vaccination, 


determine 
к 2 гр р 
the dosage 
for some drugs. 


——> 


Al-Zahrawi had his 


patients swallow drugs 
in parcels made of 
—the forerun- 
ner to present-day 


e |] Р capsules. 


B — | 
| Thanks to translations 7 

| from Arabic to Latin by 

Consta ne the 


Africa an, 


PA 


a Tunisi scho olar, 
medicine from the 


Muslim world found its 
way to Europe. 


The largest encyclopedia 
of 
still in existence— 


Іп 1721 lady Mary 
- Montagu, wife of the 
| X English ambassador to 


+ = Smallpox was one of the | Dictionary of Simple 
| ne | 
- X deadliest diseases anbu, едК Ё Remedies and Food— was 
in the world until 1980, | $ written by. 


the Spanish Muslim 


England from Turkey, | 
| Ibn al-Baytar in the 


Tribes in the Middle | * A RE when it was wiped oUt aS where it was well-known. | 


the result of a worldwide | 


East and Afrrica were = | 
vaccination campaign. 


among the ancient 
peoples who knew of 
allife-saving process 
called inoculation. The word “vaccination” 


SCORE TO UAE Ibn al-Baytar had a system X 
La word 2 of classif fying plants. 


95 centuries before Swedish | 
In inoculation, or . scientist Carl Linnaeus ` 


immunization; patients set up his. 


are given a controlled A 

dose ofa disease- 38 
causing Organisms | In1796 Jenner infected 

so that their immune E сорох, ` 
system learns to fight off СОДА о 


It is estimated ШЕН тоге 4 4 
than J mi 
deaths worldwide in the 


Spanishidoctor 
Al-Zahrawi wrote the first 


the disease. p s 20th century can be illustrated book оп 
b xf: 9 |! the smallpox virus. ` attributed to smallpox. ШШЕ curl SHATTER 
Lucky for all, the CNW E = 
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шк megan thousand 

years AZO in Muslim Spain, 
two: буу pes of surgery could have been 
performed On you: 

GENERAL AND 
ORTHOPEDIC (BONES). 


Б 4 


/^ Al-Zahrawi 
Was so concerned about his patients that 


he invented A KNIFE 
— | 


Another tool Al-Zahrawi invented was 


7 LITHOTRIPTER, 
an instrument for crushing 
ard apost in 
the b body: like 
bladder stones. 


`d D 


I 


AL-ZAHRAWI’S MEDICAL BOOK 

was translated uro 
EU SO THAT EUROPEAN 
DOCTORS COULD LEARN FROM IT. 5 


CATGUT isa THIN, 


FACTS A 
SURGE 


oF AL-ZaHRAWT's SUFgical 


diamon 


E IF YOU EVER NEED SURGERY, YOU САМ 
THANK AL-ZAHRAWI FOR CREATING 
MANY OF THE ical 


Al-Zahrawi, a 10th-century 
SPANISH MUSLIM 
SU RGEON, is considered the 


used, including а 


· scalpel fog 
cutting 


"father of modern 
surgery." 


A» A ALTHOUGH SURGERY 
-WAS STILL DANGEROUS ` 
% АМО PAINFUL, AL-ZAH- 


PATIENTS SUFFERII G| 
FROM BONE DISEASES, | 
TUMORS, AND WOUNDS | 
AS WELL AS ASSISTING | 
IN ШШЕ 


^30-сһарїег book 
written by Al-Zahrawi included 
illustrations of his SU rgl cal 


instruments and 
explained HOW AND WHAT TO USE THEM 


FOR, making it an IMPORTANT SURGICAL There were sketches of more than 


HANDBOOK for — to come. 200 DIFFERENT 
E MEDICAL TOOLS 


37 in Al-Zahrawi's book! 


N THE 12TH CENTURY, A MUSLIM DOCTOR 
NAMED IBN ZUHR IMPROVED UPON ONE 


drills by addinga | 
оп the tip. | 


NATURAE FIBER MADE 
FROM THE INTESTINES OF 


ANIMALS that can be 
absorbed by the body. 


CATGUT HAS 
HISTORY ТО МА 
INSTRUMENTS AN D 
DRUMS. 


a | — 


DOCTORS IN MUSLIM CIVILIZATION MEENA caue. 
TACKLED SERIOUS EYE DISEASES INVENTED A HOLLOW 
AND EVEN PERFORMED КЕЕШ =m sucking 


| 
eye surgery. cataracts out of E 


< first accurate | 
diagrams F the 
patients' eyes so 
they could see again. H UMAN EYE. 


< Р 


PIONEERING OPHTHALMOLOGISTS OF 
MUSLIM CIVILIZATION USED MODERN 
TERMS TO DESCRIBE THE ANATOMY OF 
THE EYE IN ARABIC, SUCH AS 
retina, uvea, 

and cornea. 


ILLUSTRAT Зр Rene eee y > | THREE ORIGINAL, 
ШЫР FIRST TO SHOW HANDWRITTEN 


MANUSC 
by Turkish physician 


Serefeddin F E M A L E COPIES 7 


ER e S U R G E 0 N S NEARLY 600-YEAR-OLD BOOK 
advanced surgery STILL EXIST! 


techniques. E at wor k . 


Followers of Islam are 


FORBIDDEN TO DRINK ` 
ALCO 


L, S0 PHYSICIANS IN THE EARLY | 
MUSLIM WORLD HAD 70 FIND HERBAL MEDICINES TO 


calm their patients. 
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@ From geography to gemstones, 
scholars developed exciting new 
ideas about the natural sciences 
during Muslim civilization. 


Q Many areas of science, includ- 
ing geology, meteorology, botany, 
and zoology, are linked to ideas 
from a thousand years ago. 


@ Scientists in Muslim civilization 
used observation and experimenta- 
tion to explore and explain such 
natural phenomena as earthquakes 
and the formation of mountains. 


Q The boundaries of the Muslim 
world gave scholars a wide range 
of geographical regions to study. 


O INFORMATION 


ABOUT MINERALS; 


WAS GATHERED FROM 
AS FAR AWAY AS THE 
MALAY ISLANDS: 


Ө Al-Hamdani, а 10th-century 
scholar, wrote three books about 
ways to look for gold, silver, and 
other minerals in Arabia. 


@ The 11th-century scholar Ibn 
Sina’s The Book of Cure presented 
his observations and theories 
about how the Earth works. 


@ The Latin translation of Ibn 
Sina’s book influenced the study 
of earth science in Europe for 
more than 300 years. 


Muslim scholar, took the lead in 
studies about minerals. 


Sand dunes of Erg 
Chebbi, in Morocco 
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PLANTS AND ANIMALS 


© Al-Biruni, another 11th-century 


D AI-Biruni's works included 
a focus on diamonds, rubies, 
sapphires, and other gemstones. 


@ Like other scientists in the 
medieval Muslim world, Al-Biruni 
built upon the work of scholars in 
earlier civilizations. 


(D Al-Biruni classified gemstones 
by color, shape, and hardness. 


(B “Hardness” is the ability of a 
mineral to scratch the surface of 
softer minerals. 


(D Al-Biruni used crystal shape to 
help him decide whether a gem- 
stone was a quartz or a diamond. 


(B Today scientists and jewelers 
use similar techniques to identify 
gemstones. 


1 


stone, is prized by Muslims because 
the Prophet Muhammad is said to 
have worn a ring with this stone. 


@ Carnelians are often engraved 
with verses from the Quran. 


| | © Al-Biruni studied India’s 
Ganges River basin and accounts 
of other geologic formations from 
the Baltic Sea to Mozambique. 


(D Al-Biruni could speak Greek, 
Sanskrit, and Syriac and wrote all 
of his books in Arabic and Persian. 


® BY FINDING FOSSILS | 


OF OCEAN LIFE IN 
ROCKS HIGH ABOVE | 
SEA LEVEL, AL-BIRUNI 
PROVED THE OCEAN | 
HAD ONCE COVERED 
PARTS OF INDIA: 


@ AI-Biruni's work became a key 
reference on precious stones. 


` Ф Carnelian, a reddish brown gem- | 


Der 


UNUM. 


@) By observing the moon's 
effects on the ocean, Al-Biruni 
figured out that tides changed 
based on the phases of the moon. 


@) Al-Biruni discussed the 
possibility of the Earth being 
in motion without rejecting it. 


@) Like other scholars of the 
time he believed the Earth was a 
sphere and discussed the possi- 
bility that it rotates on its axis. 


© six hundred years later the 
Italian astronomer Galileo Galilei 
proved Al-Biruni was correct. 


€) Al-Biruni also measured lati- 
tudes and longitudes and came up 
with the concept of antipodes, 
places that are directly opposite 
each other on the Earth's surface. S 


@ AI-Kindi reasoned that the 
color midway between darkness 
and light was blue. 


@) Al-Kindi was partly right. The 
sky is not really blue—that's just 
the way light acts on the atmo- 
sphere. 


б) Since ancient times some 
people have believed that stars 
and planets had souls and minds. 


Є) Ibn Hazm, a 10th-century 
scholar from Córdoba, dared to 
say that "stars are celestial bod- 
ies with no mind or soul." 


. grow in size when it is low in the 


©) Ibn al-Haytham, another 
earth science innovator, 
searched for ways to control 
flooding along the Nile River. 
A thousand years later his idea 
became a reality when the 
powerful Aswan Dam was com- 
pleted in present-day Egypt. 


ӨЙ His observations paved the 
way for others to figure out that 
rainbows are caused by a refrac- 
tion of sunlight in raindrops. 


e Why does the moon seem to 


sky? Ibn al-Haytham said it wasa | 
visual trick played by the brain. 


| e Later a scholar named Kamal 


al-Din al-Farisi experimented 
with glass jars full of water to 
find out how rainbows are made. 


€) Scholars also studied the shape 
of the Earth, the amount of water 
versus land, and how rivers, seas, 
winds, and sea storms formed. 


€) Like the ancient Greeks, 
geographers in Muslim civiliza- 
tion believed the world was round, 
not flat, and made detailed mea- 
surements of the globe. 


€) Scientists now know that the 
Earth is slightly pear-shaped. 


| @ Beginning іп the 9th century, | 
| people in Muslim civilization 


| ments of the Earth, buildingon | 
the ancient Greek astronomer | 3 
Ptolemy's findings. | 


| THE DIS 
A ROUND TH IE E 


AR (TH 
@ They measured the distance 
around the Earth to be 25,012 
miles (40,253 km). The current 
measurement is 24,897 miles 
(40,068 km) at the Equator. 


(B Two centuries later Al-Biruni 
used an equation to calculate the 
Earth's circumference that "didn't 
require walking in deserts." 


(D In the early oth century, 
mathematician; scientist, and 
astronomer Al-Battani improved 
existing values for the length of 
the year and of the seasons that 
are very close to today's. 


(Ә Observing the seasons led £ 


Muslim scholars to study and calcu- 
late the tilt of the Earth on its axis. 


T~ 
—] made very accurate measure- (| 


ccc M E E 
@) The most famous Muslim writer 


@ In the late 10th century, 
mathematician and astronomer 
Al-Khujandi built a huge observa- 
tory to observe the sun. 


@ Al-Khujandi calculated the tilt 
of the Earth’s axis relative to the 
sun and made a list of latitudes 

and longitudes of major cities. 1 


@ Ahmed ibn Majid, a great 
Muslim navigator, learned about 
currents and the monsoons that 
helped carry vessels to India. 


€D Ninth-century Muslim inven- 
tor ‘Abbas ibn Firnas invented 

a weather simulation room in 
which hidden mechanisms 
created thunder and lightning. 


@) Farmers in Muslim lands fol- 
lowed the Calendar of Córdoba, 
an almanac of weather, planting, 
and harvesting times. 


on animals was the Iraqi Al-Jahiz, 
who recognized the influence of 
environment on animals. 


© Though he wrote poetry and 
fiction, he mixed in scientific “| 
observations about things like 
camouflage and mimicry. 


€D Al-Jahiz sometimes rented 
the contents of entire bookshops 
so һе could read all of the books. 


@ Al-Jahiz also investigated ani- 
mal behavior and communication, 


| especially among insects. 


@ Al-Asmai, an Iraqi scholar, was | 
likely the first Muslim scientist to | 


contribute to zoology, botany, and 
animal husbandry. 


С Al-Asmai's expertise was in 
breeding horses and camels. 


6) Merino wool, most likely from 


Morocco, resulted from centuries | 


of careful sheep breeding. 


@ Today Merino wool is popular 
among cyclists, hikers, runners, 
and other outdoor lovers. 


@) The concept of pedigree— 
tracing the ancestry of an animal, 
especially the horse—originated 
in Muslim Spain and is used 
throughout the world today for 
all kinds of animals. 


@ Arabians, which were origi- 
nally bred as war horses and for 
their endurance in the desert, 

are now one of the world's most 
popular breeds of riding horses. 


GTHE MUSLIM WORED 
ALSO MADE SIGNIEI- 


| CANT ADVANGES IN 


BIOLOGY, ESPECIALLY 
INIBOTANY—THE 
STUDY OF PLANTS. 


@ A thousand years ago gardens 
in Muslim civilization were like 
scientific field laboratories tended 
by scholars who took detailed 
notes about the plants they grew. 


@ Migrants to the Muslim world, 
homesick for their native lands, 
brought fruit trees, like date and 
pomegranate, then learned how 
to grow them in the new climate. 


@ Some of the greatest bota- 
nists of medieval times came 
from Muslim civilization. 


6) Ibn Bassal, a botanist in 
Toledo, Spain, came up with a way 
of classifying ten types of soil and 
explained which ones were best 
for raising which crops. 


@ Al-Ghafiqi, a physician and 
botanist from Cordoba, Spain, 
made herbal medicines from 


(зе) 
plants he collected in Spain I 
and Africa. Tr 


© Ibn al-Baytar, another bota- 
nist of the Muslim world, collect- 
ed plants and herbs from Spain 
to Syria. 


@ He wrote a book outlining the 
medical uses for 3,000 plants. 


Ф Ibn Al-Awwam, a 12th-century 
scholar from Seville, in Muslim 
Spain, described in great detail 
how to grow 585 plants and 50 
fruit trees. 


@ His book also listed ways to 
fertilize plants and keep them 
safe from diseases. 


@ The knowledge of plants that 
botanists in Muslim civilization 
collected and developed led to 
the cultivation of many useful, 
beautiful, and nutritious plants. 


@ These plants improved the 
lives of people in other parts of 
the world, and they enriched 
gardens throughout Europe. 


@ When Europeans colonized the 
New World, they brought with 
them many of the plants discov- 
ered, studied, and grown in the 
Muslim world. 


1) Beginning in the 8th century, Egypt, 
Iraq, Syria, and Muslim Spain produced vast 
amounts of glassware either by blowing liquid 
glass into molds or by cutting it from crystal. 


Q Muslims inherited the Roman glass industry in Syria and Egypt 
and improved it by developing their own glassmaking techniques. 


3) Glassmakers in the Muslim 
were skilled in using 
and Wheel-turned 


© They also made many kinds of 
glass objects, including bottles, 
vases, and Cups. 


Q Many amazing examples 
of ancient glass have been 
uncovered in excavations of 
Al-Fustat, or “Old Cairo,” 


in Egypt. 


p 


| @ Samarra's glassmakers were also famed for the 
| small, heavy but graceful blue or 511512777 2217112: 
| Often used for UIL 


m 


Q Many Andalusian crystal pieces found their way 
to churches and monasteries throughout Europe. 


Windo Vin the-Sultán's.. 
= room inthe Topkapi Palace 
in'Istarbul, Turkey. : 
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Q Finds from Al-Fustat include glass weights in 
many colors stamped with the name 


f rulers, some dating from the year 708. 


6) Most of what is 
about Muslim glassware has been 
learned from 
archaeological and 
of the time. 


(D Aoth-century Iraqi nick- 
named Ziryab ("The Blackbird") 
introduced the use of Crysta! 
glasses to Muslim Spain 
after his arrival there. 


NA 


PYCU ———- 


Wt 


(D Credit for making glasses out of crystal goes to / 
"Abbas ibn Firnas, a Cordoban scholar who created a ve 
crystal industry using rocks mined near Badajos, Spain. 
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(B "Abbas ibn Firnas also experimented with using glass 
lenses to magnify the writing in ancient scripts for translators. 


14) Ziryab replaced the heavy metal goblets and sold 
CUPS commonly found on the banquet tables of Andalusia in 
Muslim Spain with delicate crystal drinking glasses. 


m‏ اپ ہر ر 
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15) By the 13th 

and 14th centuries 
glassware from 
Syria was in 

great demand 
around the world: 


5l 


yy bad AM I 
% The Muslim architecture, © Architectural advances .. 
of North Africa and > spread from Muslim-ruled -`. 


Gb 


Muslim civilization 
gave rise to many new 


architectural » | Muslim-ruled Spain is \ SPAIN AND SICILY to 
IDEAS u ) `. often CALLED “MOORISH”; ' the rest of Europea 
CS MM zation » architecture. thousand years 


7t 
Suleymaniye Mosque, li. Features in EU mane! 
which crowns one of the Ps Mosque show that Sinan 
SEVEN HILLS of Istanbul, A, may have been the 
Turkey, is one of Sinan's /' "lh FIRST "GREEN" 
best-known works. di / ABCHINECT, 


ç Mimar Sinan began as ап! 
ORDINARY CARPENTER 
and ended up designing 
477 buildings for three 2 

š Ottoman Sultans. 


WS Architects use 
arches to SPAN LARGE 


|| OPENINGS and carry 
\ HEAVY LOADS. 


ЧЕ, “Minaret” comes from the ‘gf uilt the 5 N MATH SKILLS 
^"? Arabic word manarah, ч 1 helped Muslims to create 
meaning “lighthouse,” v. many new kinds of arches, 
%, a reference to the including the horseshoe, /. 
“LIGHT OF ISLAM. pointed, and ogee. Pira 
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IE os ТА 


LAW ИСУ РУ - Т2 
"S (балақ. { ЕРЕ Wc Су 
L ^ 1 at P Я TD. 
s y. | if 4 ж 
2 x 3 == 2. 
— ss 71 TRAVELERS, SCHOLARS, X; ’ Some even took Domes, towers, "É ROSE WINDOWS іп \ 
d 4 : m 
. г | and invaders who passed 2.4 MUSLIM ARCHITECTS and archways gave European churches may 
с 57. throughMuslimlands |... AND) CRAFTSMEN] | of the buildings A FEELING OF have been inspired by a 
^ helped spread Muslim +) home with them. the LIFEIN / a SPACE AND MAJESTY. circular window in an 


innovations in 
architecture. 


| 


8th-century Muslim 
palace. 


# 
4 ; М 


also repelled 


The soot was then 
used to make ink that 


For Muslims the 
DOME SYMBOLIZED 
THE VAULT OF HEAVEN. 


THE MINARET, a tower $ 
used by muezzins to 
call people to prayer, 


Sinan figured out 


a way to 
MAKE DOMES 


BOOKWORMS li BIGGER AND HIGHER. 


4 £. is an essential feature 4 
AND BUGS. ч 


of a mosque. 


2 


/ The HORSESHOE ARCH, This arch, known in 7 The ogee arch, which 7 Тһе ogee arch, which ` à S 
1 which gave a greater RUE Sees | originated in Muslim became known asthe jt 


India, resembles 
1 TWO S-SHAPED CURVES / 


ж. facin 
> g each other. 43: 
Am 


1 feeling of openness, was | Р DE 22096 
Й ау DUO тей i during Queen Victoria's 
) А reign (1837—1901). 


top of a basic 


arch. ; i ll... 


| 
tf 


“GOTHIC ARCH” in Europe, - 
- сап be seen in many 
Sie churches in the West, — — 


— —— 
Á 


Muslim architects 3% ASTALACTITE VAULT, 


à THE TAJ MAHAL, ^ |  Toseeallof these 
figured out a way to 44!  ormugarnas, has a 


in India, is one ofthe ” | architectural innovations 


make VAULTS—arched & dome that looks like £" ` | world's most famous and under one roof, VISIT | 
р, 5 m ӘР ізі a honeycomb. ^» jwidely visited examples of THE GREAT MOSQUE / | 
E шше апе fancier = У: ^. Islamic architecture. in Córdoba, Spain. ^ = 
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@ Pottery was used for everyday 
activities, such as cooking 
and washing, as well as 

for trade and decoration. 


(3) Everyday pottery was 
used and then thrown 


away; much the way we do / 
with paper cups and plates today. | 


Q One 14th-century historian 
estimated the value of pottery that ended up daily on trash heaps to be 
about a thousand dinars—about 10 pounds (4.5 kg) of gold! 


Ө ву adding more lead 

to their glazes, Muslims made | 
pots that were leakproof and | 
able to hold liquid. | 


О Potters in the Muslim world discovered that adding 
tin oxide to lead glaze produced a pure white 
porcelain similar to that being made in China. 


(7 = (2) decoration 
became а SISMAtTUKE OT d ae 
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Ө Baghdad and Samarra, Iraq, 
were among the chief pottery 
centers in Muslim civilization. 


@ Three types of pots were 
most often made: white pots 
decorated with cobalt blue, pots 
decorated with two-tone stripes, 
and pots that had a 


@ Eighth-century potters in Iraq 
revolutionized pottery by developing 
a process called “luster” that 
made clay objects look as though they 
were made of precious metals. 


(D The luster technique was also used to make 
decorative tiles that made the outsides of 
mosques and castles appear to shimmer. 


3) Unglazed pots for everyday use, such as 
carrying water and eating and drinking, 


QD Iznik, Turkey, was a thriving pottery center 
widely known for its blue-and-white tiles even to this day. 


D Iznik pottery typ 
featured floral de: 


Handcrafts for sale in a market in Morocco 


Advances In 


geome 


oeometrv E ШІ д >” | 
CREATED А SPACE, 
WHOLE NEW KIND OF ART IN AND PATTE 
MUSLIM CIVILIZATION. ü | 
pq c %- | Т 
ТОМАР 


Arabesque is most often 


ideal 
for decorating 
MOSQUES, TOMBS, AND SHRINES. 


i THE TOPKAPI SCROLL.IS.A 


COLLECTION OF 114- 
geometric 
patterns 


drawn by master builders from 


THIS INSPIRATION INCLUDED 
THE GOLDEN RATIO, A 
measurement that 
appears in nature 
and is 
pleasing to the eye. 


| 
DESIGNS INSPIRED BY | 
NATURE, ALONG WITH | 
geometric shapes. | 


ES 
чї 
i ARABESQUE OFTEN USED `! 


10) UNLIKE RELIGIOUS ART IN 


Interlacing, 


flowing lines 


create complex 
PATTERNS THAT SEEM TIO CHANGE 
SHAPE RIGHT BEFORE YOUR EYES. 


COMPLETE THE 
OVERALL DESIGN. 


THE WEST, ART IN MUSLIM 
CIVILIZATION DOES NOT 
FEATURE HUMANS OR 
ANIMALS. THE PROPHET 
MUHAMMAD SPOKE OUT 
AGAINST PORTRAYING 
HUMAN OR ANIMAL FORMS 
IN ART BECAUSE IT IS TOO 
MUCH LIKE THE WORSHIP OF IDOLS, 
RATHER THAN OF ALLAH (GOD). 


The golden ratio 


OCCURS WHEN THE WIDTH OF SOMETHING 
IS ROUGHLY TWO-THIRDS OF ITS HEIGHT. 


——— va T UH ; 1) | 
Ihe nautilus shell THE IKHWAN AL-SAFA 


is an example of a Î (BROTHERS OF PURITY), A GROUP OF Divine PED 
M 10TH-CENTURY SCHOLARS, an е 
Ша e E of M DISCOVERED THAT IF YOU LIE DOWN geometric 
a simp : Е ари ЩЩ AND SPREAD YOUR HANDS OUT, YOUR patterns or musu 
olden ratio. | i 
° p toes Eli Mle PS) CIVILIZATION HAD AN ENORMOUS 


| ^ your fingers wiLL TOUCH THE RESET ID NES RD DUE эч 
| BÉ EpGEorAN imaginary 4 
| | | circle. i 
Y Д ; E 
2 

The idea human body i d 
EE f y d LEONARDO DA VINCI'S ў, 

eight heads long, the TOOT АП *VITRUVIAN MAN? SHOWS THE а 

the fACE are each an eighth of the PROPORTIONS OF THE HUMAN £ 
BODY DESCRIBED BY THE E 


body's length, the forehead 


is a third of the face, and theface Brothers of 


is four noses or four ears. I 
Check yours out! Purity. 


DESIGNS were often 
paired with the use of 
ARABIC 
CALLIGRAPHY 

to write verses from 
the Quran. 


14th-century 
. palace and fortress 
in Granada, Spain, 


| 


CONTAINS SOMI ІНЕ 
FINEST E OF 


а Fixe, 


025 ; 2 Nol. 
4 Re (0222 
; zs 


ARTISTS IN MUSLIM CIVILIZATION USED 4 Са! | | y 


À app .. mee IS ONE OF THE MOST 
RECOGNIZABLE FORMS 
— p—— OF ISLAMIC ART. 


ELS Mim. 


TEMPERA PAINT ыы 


Dar Sap IS MADE FROM ` — 
T RTE LISTING “Ж 42^ мш, r. a 
imported egg, ) 


linseed-oil paint water, honey, 
w Duae and dye. 
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15 FABULOUS FACTS 


@ The carpets, cushions, and z 25 аға ы 
cloths of Muslim civilization are <s Tie а 8 

_ for their quality = te + wy 
materials and jewel-like colors. 


@ By the mid-oth century the textiles of Muslim Spain had 
an international reputation, with everyone from QUEENS to 
commoners seeking out the region's rich, colorful fabrics. 


(3,000 a ac 


Q Camel, goat, and sheep hair were 
used to make fabric for clothes, much like camel- 
hair coats and mohair sweaters worn today. 


s UG] f Pe ! i 


Ө Queen Beatrice of Portugal used silks with | \ / „ 
imported from Muslim ү d 
Spain at her wedding in 1383. 
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Q The popularity of Muslim silk in 
Britain exploded to the point that by 1700 
it threatened the local textile industry, S 


forcing the government to limit its import. 


277  Carpetsmade in Iran 
“ (formexly Persia) 


ABOUT FABRIL 


Q Other fabrics were used for prayer mats, 
tapestries, and carpets, while leather made in Muslim 
Spain was sold to European shoemakers. 


© Nomads in earlier civilizations used 
carpets for from sandstorms and to 
create a softer saddle for camel riders. 


QD Yellows were made from 

extracted from a crocus flower. Reds came 
from q]rmiz, an insect that produced a 
brilliant red color. 


Ф Today foods with red coloring, like strawberry milk, 
often contain the extract of cochineal bugs, another 
form of dye introduced by Muslim civilization. 


(D Muslim carpets soon became status 
symbols, especially in Europe. England's 
King Henry VIII is believed to have owned 
more than 400 Muslim carpets and 

decorated his robes and curtains with Muslim designs. 


15) The movie Aladdin 15 based on the folktale 
about the Т! carpet of Alia al-Din. 
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NOTE-WORTHY FACTS 
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ë @ Muslim civilization learned about 
2 paper іп 751 from 
who passed along the 


Ө It was alot cheaper to make books with paper 
than with more expensive materials like 
parchment or papyrus. 


@ Artists used 


of ink to write on paper in a 
decorative script known 
as 


Q The town of Jativa in Muslim Spain was famous for the 
thick, glossy paper produced in its mills. 


Q Muslim papermakers 
pioneered the use of the trip 
hammer, a tool for beating 
linen rags or tree roots 
into the pulp used to make paper. | 


Ө Alarge number of early Arabic 
manuscripts dating from the 10th to the 12th 
centuries are written on paper. 


Пе boom in 


th 


Ө Hemp, a crop grown in Syria, turned 
out to be a great source of low-cost, 
high-quality paper. 
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@ Today more than are published 
worldwide 


@ Allthe 
that went 

into making paper in China was 

done by mills in Muslim civilization. 

Mills 

and spread to other cities to meet 

the demand. 


Q Gold and silver inks 
were used on blue paper to create 
impressive front pages for books. 


2-? 


Ф Іп 953 the Sultan of Egypt, 


asked for a leakproof pen that 
held its own ink. What he got was much like 


@ Papermaking was started in Europe by Muslims living 
in Spain and Sicily in the 10th century. 


(D Muslim artists used inks 
and dyes to create 
patterns on paper called 
marbling. By the 1550s marbled 
paper became prized by 
Europeans, who referred to 

it as "Turkish paper” 


(B The Muslim world was using block printing as early as the 
10th century, some 500 years before Johannes Gutenberg 
started printing with moveable letters. 


6l 


Maps made during Muslim civilization 
usually showed n at the top 
and отот 


ПЬ2ІрЕ РОМИ 
TO А WESTERN 
VIEW TODAY. 


A CIRCULAR - 
WORLD MAP 


AI=IDRISI SPENT 
[5 years 
CREATING 

70 maps 


for the atlas 
of Roger II, 


2 


22 
2.52. 


rd У 


Y 


SIM 
07 


ТНЕ СНІМЕ5Е INTRODUCED 


| [ Jer. Baghdad 


in ". Bth century, which MADE IT 
POSSIBLE FOR THE MUSLIM WORLD TO 
CREATE MAPS FOR EVERYONE TO USE. 


ж 


: > ES r Sym 


In 1154 the Muslim Aare Al-Idrisi w 

finished the first atlas, % 

e which:showed' most of North Africa, A 

[^ Asia; and Europe. This was about a hun- PE 
4 dred yearsibefore Marco Polo,wrote 


NE about his travels to China апа back. 
є, = T 7 T 


LA p -EUP 


асе А] 
ер 


s 


т 
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7 Chistopher Columbus 
studied maps created by 
Muslim geographers to make 


the voyages that helped him to reach 
the Americas. 


In the 9th century, astronomers in 
the Muslim world were 


SO ACCURATE IN 

THEIR CALCULATIONS 
OF THE EARTH'S 
CIRCUMFERENCE 
THAT THEY WERE ONLY 125 MILES 
(201 KM) OFF THE 24,897 MILES 
(40,068 KM) ACCEPTED TODAY. 


J GLOBAL FACTS 


Ibn Majid, ER 


guided the Portuguese See 


Vasco da Gama 


around Africa’s Cape Horn to India 
inthe 15th century. 


| 


Originally printed in 

1521, The Book of Sea Lore 
was a must-read 
for navigators for 
more than a century. 


16 


14 
Ipha es s The w 3 EE 
Ki for the incredibly accu- eed ШЕ 
rate “МАР OF AMERICA" ; 


including Arab and 
Portuguese ones and 
one made by Columbus on 


his third voyage to the 
THE AMERICAS. 


THE “MAP OF 
AMERICA" SHOWS 
MOUNTAINS (NOW CALLED ro M а 
THE ANDES) IN SOUTH sociis 
AMERICA THAT SPANISH GAZELLE, A KIND OF 
EXPLORERS CLAIMED + African 
TO HAVE FOUND FIRST IN 2 antelope! 
1527—14 YEARS 
AFTER PIRI REIS v Ж 
MADE HIS МАР. " 


[S MORE THAN 3,500 
YEARS AGO IN BABYLON. 


- Today's GPS 
is extremely 
accurate. 


A 2011 STUDY SHOWED THAT 
GPS IS OFTEN ACCURATE TO 
WITHIN 3 FEET(1 M). 


Building on the work 
of the Romans, scholars in 
Muslim Spain created 


Want to know how people saw the world 1,000 YEARS AG 0? Take a look online 
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People'in Muslim 
Civilization | 


Seek knowledge even 
from as far as China, 
the Prophet Muhammad 
commanded his followers: 


The Palestinian 
geographer Al-Muqaddasi 


eVel of the 
10th-century Muslim 

world, making observa- 

tions and taking notes. 


3 


Thanks to journals kept by 
Muslim travelers and 
geographers, we know 
what life was like in the 


Al-Dimashgi, a 14th- 
century geographer, told 
about life on the Malay 
Islands, where towns and 
cities were surrounded 

Ingyaense:torests 


5 


The : 1 was intro- 
duced to China from 
Africa; thanks to 

Zheng He's 
voyages. 


Al-Dimashgi's accounts 


rd called 


said a giant bi 


al-Rukh and 


lived on 


the Malay Islands. 


Imagine having to find 


your way to Mecca on foot 
or by camel Without a | 


map! That’s why early 

Muslims needed a strong 

knowledge of geography 
and astronomy. 


©] 


ООО to Islam, 
it is the duty of al 
bodied Muslims to give 
every efort to make at 
or 


pilgrimage, to Mecca. 


ajj is an Arabic word 
meaning "to set out 
for a place” 


IA 
IU 


Many Muslims expanded 


xe by 
writing about the people 
апа places they saw while 
on their hajj. 


Since the 7th 
century people have 
traveled thousands of 
miles on horseback, 
camel, or by 
foot to make 


1 Arabic 


eu 


descriptions of 


In the late 800s, Al- "ERR 
described in his Book of 
the Countries the color, 
breezes; and in n ] ud е 


Lo. 

l3 

22 Many fa 

Europ ° 

used maps 

information from the 
Muslim world. 


)rers Travelers’ tales of Sea 

monsters and giant 

land animals led to the 
creation of elaborate Ara- 
bic folk tales, such as The 
Thousand and One Nights 
and The Seven Voyages of 

Sinbad the Sailor. 


2l 


15 


9 | ӨТПЕС ТЕРІ 


problems 


Reconstruction of 
-- Baghdad's medieval 


have been possible 
without the detailed 
descriptions of a 10th- 
century geographer 
named Suhrab. 


Before the 15th and 16th 
centuries Vikings were 
the only Europeans who 
are: positively known to 


Earth was round. 


Using his own notes, travel 
accounts, and the work of 


earlier scholars, Al-Idrisi 
created a com- 
` prehensive 


1g e) 
[0] 

M 

| roD bl эге ] 

Japan), lying i 

"East of China” 


29 years - 


Ibn Battuta's account of | 
canals in 1895 wouldn't 


8 atlas of | 


Ibn Battuta traveled 
more than 75,000 
(120,000 km) and 
met thousands of people, 
including many rulers 


and leaders. 
< 


miles 


life in medieval Mali, West | 
Africa, isthe only 

record we have today 

of the area at that time. 


a 
о) 


The world's largest 
themed shopping mall, 
which is in Dubai, 
United Arab Emirates,is | 
named after Ibn Battuta. 


| One of history's record- 


"- breaking naval explorers 


was a 15th-century 
Mongolian Muslim from 
China авн аѕ 
Fé n el ng He 


EN 


between 1405 and 1433 


ry 
| 35 
— | Zheng He built the 
largest navy the 
| world had seen until then, 


| helping to present China | | 


| ава superpower. 


Each of Zheng He's ships 
could have a crew of up 


When Zheng He's navy 


was on the move, it 


His first fleet included 
27,870 men 
on 
ЗІ7 ships 


Zhe ng Не’ 5 ships were 3 


“, = 
s swimr 


Zheng He's fleet 
included tankers that 
carried 
for drinking. 


J 


ПӘ 


"Treasure Ship" 


In 1962 а rudder post || 
оҒа | | 
| was found in an old boat- | 
yard in China. It was 36 

| feet (11 m) long—suitable | 
| fora boat 500 feet 

(152 m) in length. 


| Flags, lanterns, and even 
carrier pigeons were used | | 


to | [ 

between ships and 

coordinate the fleet's 
movements. 


ing cities were 


New Minerals, 
TE MIGROS. ana 
Species. 
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Оше г 


Теза 


га near Morocco 
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Bedouin camp in 


the Sahara 


@ From the time they were used 
by nomadic Arab desert dwellers, 
tents have Served as shelters 
and meeting places. 


@ Tents of the Ottoman Turks were elaborately decorated 
royal structures used for practical and social occasions, such 
as grand parties and ceremonies. 


3) Whether traveling for 
шаг ог hunting trips or to 
any kind of ceremony; the 
Sultan always had 
his tent with him. 


@ During travel or a military campaign large tent cities were formed. 
There were royal tents for the rulers and lesser 
tents for ordinary people and soldiers. 


@ Military tents 
sometimes had different colors, 
which may have been a way to 
tell regiments apart. 


@ The Wawel tent collection in 

Krakow, Poland, has an OVal tent 

with a diameter of 79 feet (24 m) ш 
and a height of 12 feet (3.7 m). 4 


(7) Inspired by Turkish royal tents, French King Louis XIV 
had many ceremonial tents. This helped to Create a 
tent Craze across Europe in the late 17th century. 


Q One account about a Sultan's travels says that it 
took 600 camels just to carry the tents! 


used by Ottoman Turks may have been 
felt tents 
in Mongolia and Central Asia. 


@ The Ottomans were also inspired by 
Fersian and byzantine tent creations and 
created their own tent design style and furniture. 


(D Turkish royal tents had 
brightly colored 
silk crowns, richly patterned 
carpets and cushions, and 
raised sections to add majesty. 


(D Today visitors can experience 
the beauty and grandeur 
of these kinds of tents at the 
Royal Castle of Wawel in Krakow, Poland. 


х AE х Š ` 3 | 1з} Two te always accompanied a Sultan on his travels: 
E SSeS ші Š | one to live in 2117175: 2 <1/2/2 and another for tent pitchers 
` жы M тосе =) ==> and set up in the next location. 


(D Royal tents were called “walled palaces.” 


5. Tents were often very large. опе tent 


= = EX ` эм A XA $ ; built in 1744 in Vauxhall Gardens, London; England; 
ыз М. UM ` ыз Ç P AC wa had a dining area with 14 tables! 
ره‎ i % P3 LO SUME MESS г | 
VS “>. e n à А 
` ы. > 
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` % 7. 
S > LN 4 “ “ж = 1 


BEEN uu 


Шаде Was a major part 

Of life in early Muslim civilization, 
andigoods were bought and Ce) (e 
across з continents. 


@ Trade was so important that Muslim rulers created laws, 
contracts, loans, and more, which still influence trade today. 


Buyers and sellers in Muslim civilization (0 used 
(cinere) «sl! The word "check" comes from the Arabic sakk, 
which is a written vow to honor payment for merchandise 
upon delivery. 


Q Ever wonder where the idea for a rest stop 
came from? In the Muslim world important trade routes had 
rest stops called "caravansaries" about every 19 miles (30 km). 


provided free food, 
shelter, and entertainment 


for up to three days. 


Q Land trade was mainly along the Silk Route, a 
7,000- mile (11,265-km) -long trade route Tinking China to 
markets in the Muslim world and Europe. 


| @ Lots of items traded in the 
| Muslim world were highly 
| prized, such as 211: 
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Silk scarves in a bazaar 


Ө Many cities g US 
goods they produced: |: muslin from Mosul, Iraq; 
gauze from m and damask cloth from Damascus, Syria. 


© Giant camel caravans traveled enormous 
distances tO trade with foreign lands. 


@ What's that smell you say? Don’t get too close to 
the campfires because while on caravan, 
travelers used dried animal dung as fuel! 


@ Traders in the Muslim world used 

gold and silver coins, called 
“dinars” and “dirhams,” 
as international currency. 


@ Trade with Maldive Islanders, who paid 
for goods with spread 
the use of this form of currency to distant 
areas of the Muslim world. 


e bs. ә) QD It is believed that two giant gold Islamic 
ү >= 4 COINS existed in the early 1600s. One of these coins 
| was 8 inches (20 cm) in diameter and weighed іп 
5 ж at 26.5 pounds (12 kg) of pure gold! 
`. | 


have been found in modern-day Germany, Finland, and 
Scandinavia, showing how widespread trade was during this time. 
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(1) Muslim civilization gave rise toja 
thriving industry of mining rubies, 
emeralds, sapphires, and other 
precious Stones. 


@ About a thousand workers mined cinnabar 
to make mercury in Almadén, in Muslim Spain. 


Egypt was a great 
source of emeralds, 


@ The largest and most famous sapphire in the 
world is the Star of India. It is 563 carats! 


5 Beginning in the 14th century divers harvested 
precious pearls in the Persian Gulf and the Arabian Sea. 


Q Pearl divers would tie a rope around their waist 
and swim to the bottom of the sea to collect 
oysters containing pearls. when they ran out of breath, 
they would tug on the rope to be pulled up to the boat again. 


@ Big or small? Pearls 
‚сап be found in lots of 
different sizes and colors. 


Ө Coral was s=, 
from reefs off the 
VAST of North Africa 
ar Sicily and Sardinia; 


y An aigrette, or ornament, 
E with pearls, diamonds, and 


emeralds from a late 17th- : = 
century Ottoman headdress LES : 
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Q Today coral mining is banned in many 
countries around the world. 


@ People loved to use pearls 
and coral to make prayer beads, 
ША and wo: I 


@ Precious stones 
were polished with 
emery found in Nubia and 
Ceylon (now Sri Lanka). 


ous items | 
а alt 


mined was sa em was 


abe ^ 


r camel Caravans carried Salt from mines in 
Yemen, Persia, Armenia, and North Africa to markets far and wide. 


@ Pictures of natural things, such as leaves or flowers, 
were often used as inspiration for jewelry designs. 


15. Today because Coral 
iS SO SCarce, beads made 
with it are Very expensive. 
А single; 2-inch|(50-mm) 
bead can cost as much as 550,000. = 


ЕД THE CHINESE DISCOVERED HOW ТО MAKE Although the Chinese used 
SALTPETER (POTASSIUM NITRATE), gunpowder to put on great 
Мек A KEY INGREDIENT IN fireworks shows, they 
+: GUNPOWDER, could not figure out the correct 
- , IN THE 1ST proportions to make'powerful 
22. CENTURY. explosions. ^^: 
TN NE 


THE USE OF GUNPOWDER BY ISLAMIC 
ARMIES WAS A MAJOR ADVANTAGE IN 
THEIR BATTLES AGAINST THE CRUSADERS, 
CHRISTIAN ARMIES TRYING TO 
OVERTHROW MUSLIM CONTROL OF 
JERUSALEM FROM THE 11TH TO 14TH 


CENTURIES. 


| = 1 \ | | b m 
| ІЙ” іш 
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Fifteenth-century 
Ottomans had LARGER 


AND MORE 
POWERFUL CANNONS 


Muslim civilization was 
the first to make huge 


SPLIT-BARREL 
GUNS. 


A DECORATIVE INSCRIPTION in 
Arabic was made on the 


mu zzle of Sultan Mehmed's cannon. 


| RI OVERALL, THE CANNON WAS MORE 
THAN 17 FEET(5 M) LONG AND 2 FEET 
(6 M) IN DIAMETER WITH A BARREL 
THAT WAS ALMOST 10 FEET (3 M) LONG. 


1186; Queen Victoria 
requested Sultan Mehmed's cannon 
to show in England. At the time it was 


knownas "the most 
important cannon 
in Europe." 


Fort Nelson | 
Museum, in 
Portsmouth, England. 


Al-Rammah’s book was 
packed full of 
SULTAN: MEHMED'S.CANNON-IS 2 
| : NOW PART OF THE COLLECTION OF 
including the first THE ROYAL'ARMOURIES; ALONG'WITH 
description of a military ; 2 
rocket. О other examples 


of weapons from-ancient 
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times to the present. 


TOBA 


carried a 


and IRON FILINGS, sealed 
with a layer of felt. 


a IN MUSLIM CIVILIZATION THIS TORPEDO WAS CALLED 
the egg, which moves itself and 
burns when it hits the target.” 


FEATURED А ze | e DOZENS 
TREBUCHET, 9 OF RECIPES FOR 
c) ISBN Used TOY | „ү m MAKING 
flinging Тап EXPLODING 
missiles. 7 GUNPOWDER. 


\ 


Ф 


E, 13TH-CENTURY SYRIAN 
SCHOLAR NAMED HASAN 
AL-RAMMAH WROTE ONE 
or THE MOS 


ON MILITARY TECHNOLOGY, 
THE BOOK OF HORSEMANSHIP 


AND INGENIOUS WAR DEVICES. 


he firs 
tort pedo, 


made 


to skim 
along the 
surface of 
the water. 


WITH A SPEAR AT THE 
| FRONT, THE TORPEDO 
| WOULD LODGE IN THE 
| WOODEN HULL OF AN 
ENEMY SHIP BEFORE THE 
EXPLOSIVES DETONATED. 


1 
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During the 800 
years in which the 
Muslims ruled Spain, 


\ THEY BUILT INGENIOUS , 
\ CASTLES. 


The military defenses and 
CASTLES IN JERUSALEM 
and other Muslim 
strongholds impressed 
the Crusaders 
from Europe. 


Crusaders took the 
NEW ARCHITECTURAL 


IDEAS HOME with them 
and used them in their 
own buildings. 


Today battlements 
are used as 
DECORATIVE FEATURES 
in certain styles of 
architecture. 


/ To WITHSTAND A SIEGE, 
| some cities in Syria and | 


elsewhere in the early 
Muslim world had 
castles, high walls, 
and gates. 


European castles built ` 


after the Crusades used 
many of the DEFENSIVE 

FEATURES of Muslim cas- 
tles in the Middle East. 


Greeks and Romans used 


| arrow slits, but Muslims | 


IMPROVED THE DESIGN 


and made them standard; 


features in their castles 


Arrow slits allowed 
bowmen to shoot out but 
PROTECTED THEM 
from return fire. 


Islamic castles 

often had very 

LARGE WATER 
STORAGE CISTERNS. 


Keeps, arrow slits, 


barbicans, machicolations, 
|parapets, and battlements 
| were KEY FEATURES of / 
\ Muslim strongholds. 


During the 14th and 15th 
centuries THE ALHAMBRA 
was built as a military 
complex overlooking 
Granada, in Muslim 


Spain. 


“Alcazaba’ is taken 
from the Arabic 


word al-qasbah, meaning 
“A WALLED FORTIFICATION” 


ina city. 


The central, 


fortified tower within 
a castle 
is called a KEEP. 


The Alhambra takes 
its name from an 
Arabic word meaning 
“THE RED CASTLE,” or 
“the red fort.” 


The stone walls of castles 


were REINFORCED WITH 
WOOD BEAMS as steel 
is used to reinforce 
walls today. 


The fortress section 
of the Alhambra, dating 
from the 12th century, 
is referred to 
as THE ALCAZABA. 


MACHICOLATIONS are holes 
or gaps in the overhanging 
floor of a parapet, the 
open walkway around 
the top of a castle. 


The word “albarrana” 
is derived from the 


Arabic barrani, which 
MEANS “EXTERIOR.” 


From a round tower 
the enemy could be seen 
from any direction, and 
there were NO CORNERS 
for attackers to 
hide behind. 


Muslim defenders used 
machicolations to DROP 
BOILING OIL, molten lead, 
and even missiles on 
their attackers! 


O CRYPTIC FACTS scour 


(1) Have you ever cracked a code? 


Bet you didn't know you could trace many code = 
breaking techniques to Muslim civilization. 


@ In gth-century Muslim civilization mail was sent by | 
carrier pigeon, giving new meaning to the term "air mail"! 


@ Because of the use of 
birds for mail in the 
Muslim world, confidential 
messages needed a way to 
be kept private, so encryp- 
tion, or coding, was used. 


Q The citadel in Cairo, Egypt, which was the communication nerve 
center of the time, had about 1,900 pigeon "mailmen." 


Ө By studying the Arabic text of the Quran, Al-Kindi, a 9th-century 
scholar from Baghdad, noticed that certain letters were 
used more frequently than others. 


AIR MAIL 6 He used this observation 
to come up with a 
b 4 code-breaking method 
based on what he 


called "frequency 
analysis." 


@ In this kind of code, letters are replaced by symbols or other 
letters. A decoder can figure out What the letters or 
symbols stand for, substitute other letters for 
the symbols, and read the message. 


8 Ifa message Written in English Were encoded Using 
this method, the most common symbol 
would represent the letter 6 since 

it appears most frequently: 


© Al-Kindi’s book, Treatise on Deciphering % / 
Cryptographic Messages, laid the founda- | 
tions for modern cryptology by 
encouraging people in other cultures to 


figure out new ways to encode messages. 


6) Frequency analysis using substitution ciphers became the 
basic tool for breaking codes that used 


Ф Before Al-Kindi’s work, many thought that 
substitution ciphers were unbreakable. 


12) Cryptanalysis” 2! 
i study of codes 
and ciphers 


Ф Using cryptanalysis, 
the Allies in World War II were able 
to decipher German military 
encryptions made by a 
typewriter-like machine 

called “Enigma.” 


(B Journalist Simon Singh names 
Al-Kindi as the originator 
of the first method of 
code breaking 
in The Code Book, published 
in 1999. 


_ * [Farmers in the oth-century | 
` p Muslim world launched all 


| when 
they began using new 
methods to grow crops. 


Ibnal- Awwam: 5 90 
| was à | 
on 
everything from how 
to grow trees to 
beekeeping. 
new information was ^. == 
Din huge | 
Еи manualsfor |^ 
His book also 
had tips about how to 
еа рез pests away from 
CROPS and even told 
people how to COOK 
the food they grew. 


(GROW NEW SPECIES 
7) of plants, irrigate fields, 


Farmers in the Muslim 
world learned! how to 


Rice, sugarcane, and 
cotton require a lot of 


to supply water to all 
the rice plantations in 


Valencia, in Muslim Spain. у 


Using underground 
canals called QANAT: 
transport water kept it 

from evaporating. 


WM. DLL au cm 


ES the dry ane of 


|" Andalus, in southern Spain. 


different cropsin | - 


different seasons on the 
same Тапа. This 15 called 


plums, apricots, 

| EE, saffron, and 
ў = Were 

among the new crops 


EU 
LIFESTYLES 
clothing; and more. 


T 
COOKING, F | 


А. | 


~ | grown in the Muslim world. |. | 


Year-round fresh fruit 
and veggies meant 


for more people. 


U.S. farmers produce 
more than | 
of rice 
each year. 


The spread of 
cotton, silk, and wool 
gave people a choice in 
what kind of clothes 


| The C 


in Spanish, from the 


is called algodon. 
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ЖАЛ» Rk 5 


comes from 
Zanzibar, now part of 
Tanzania in East Africa. 


екса ANDY 
A Gomes fromithelPersian 
дапа, meaning “sugar” 


| Baskets and floor 
12. coverings were made 
|. from 
| which grows 
_ wild in parts of Spain. 


c A fig tree cutting from 


what is now Jordan 
planted in Muslim Spain 
grew so well that more 
cuttings were made, and 
soon 


“| 


A 


Oranges, lemons, and 
limes may not have 


| become so popular in the (| 


without the orchards in 
Muslim lands. 


Arabic al-qutn. sa 


< found its way to Zanzibar, 


^ Ethiopia, and Spain 


‚ thanks to Muslim ` 
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E ^ | traders. 
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huge mud-brick 
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@ It’s believed that an Abyssinian 
in what is now Ethiopia discovered coffee 
1,200 years ago when his goats got an 
energy boost after eating some red berries. People 
soon began boiling the berries to make coffee. 


@ People in parts of the Muslim world were sipping coffee 
as early as the 9th century. The drink didn’t catch on in 
Europe for another / years. 


@ Today more than 1.5 billion cups 
of coffee are consumed around the 
world every day—enough to fill 300 
Olympic-size Swimming pools! 


Da t 


21 


уќ á Ө Ripe coffee beans аге red and 
(СӘ are called coffee cherries. 
`x 


@ Coffee was just what some Muslims needed to help them 
during late night prayers. 


(т) Cappuccino coffee с> 
name from the color of the robes worn 


Q Coffee shops in England were nicknamed 
"penny universities" because you 
could listen to and talk with some of the 
greatest minds of the day for the price of 
a cup of coffee. 


Modern cup of coffee 


O Мс is both the name of a kind 

of coffee bean and the name of the port in 
that was the center of the coffee 

trade from the 15th to 17th centuries. 


(D In the mid-1600s coffee was brought to New Amsterdam 
(now New York, U.S.A.) by Dutch traders. A hundred years later 
coffee surpassed tea as the in the future 


Ф Today a (coffee with milk) is 
the most popular drink at 


Q Hawaii and Puerto Rico are 
the only places in the United States where 
coffee can be grown. 


Ф Coffee is now grown in and it is the 
world's second most traded commodity after oil. 


15 The world’s first coffee P” [А ў A | U 
Shop opened in Venice, Italy, 22-4 Ud. а 21 [| = ёс, 


in 1645. Ву 1700 there were 
hundreds of coffeehouses 
in London, England, alone: 


i 8l 


Ш 7 ED LARGE PARTS OF 


the Muslim "e For people living in these 
dry and hot lands, the use and control of 


People in 
dry regions 
used water- 
raising _ 
devices, = 


like the 
El IUBAMMAD ALKARAJI, -N a pole-and-bucket system, _ 
M VIMAD AL-KARAY! | dt rwheel, or 
n IITH-CENTURY MATHEMATICIAN AND anel tre amara C TAQI AL-DIN'S 6-CYLINDER 
ENGINEER FROM PERSIA (NOW IRAN 
DESCRIB ED АМ! ETWORK OF U MUT ND) WATER PU M E 
TUNNELS CALLED ( QA INA TS THAT COULD and figured out ways HAD ALL THE FEATURES 
CARRY WATER OVER LONG DISTANCES to make OF A MODERN-DAY 


WITHOUT EVAPORATION. 6-CYLINDER CAR ENGINE. 


| ES | 
| peu keg 
ial a 
| | | | 
| E 
| | қ ED ЕЕ = 
Bl NATS A PO Y 7 ЛАГ НП с? 
| QA are still used to IV Y al NHI ШЕ 
| provide water tosomeareas їп Iran and . . CC N VERS 
| other countries in the Middle East. | ВӘ) 
Шс 7 FOR AIR TUNER AND | 
ЖҚ; | x6 TO HELP THE WATER FLOW 
Ж 773 0 25. |  THROUGHTHETUNNEL 000 
| Ж aA 
Lance LANDI HOLDERS | ay SYSTEMS EOR DE XU 
AND STATE [EA ADERS were T uk l J^ КЫ LAWS SPELLED OUT 
RESPONSIBLE FOR DIGG ING А e. WHENEACH CROP WAS 
AND CLEANING QANATS AND = = " ұм 5 IRRIGATED, HOW TO USE STORED 
REPAIRING DAMS. do TO FARMS AND TOWNS NS HELPED ê ew WATER, AND HOW TO MANAGE WATER 


IMPROVE QUALITY OF LIFE. 


TER 
AL-JAZARI THOSE WHO BROKE A WA 
ЕКЕ RST LAW HAD TO FACE THE 
MACHINE THAT 
COMBINEDA 
systems are used in 
AND CONNECTING cane 
ROD TO CONVERT everything from ROUP OF OFFICIAI TEN CENTURIES - 


_- LATER THE TRIBUNAL = 
STILL MEETS WEEKLY IN | 


F =a Ха 


САВ ENGINES G YN Vi DEA = WIT H DIS ` D| ITE 
ТО TOYS. AMONG FARMERS. 


CIRCULAR MOTION 
TO LINEAR MOTION. 


ГІ МЕ E: 

ТЕЗ у BOE HE 
CAR ND USE OF 2: 
DAMS AND WATERWAYS. 


jo NTUE “DESIGNED FIVE. 
the C EN TURY WATER Шү SING 
from SU Turkey, 2 MACHI NES, 


pump that 


developed a brilliant way to 
lift huge amounts of water— 


WITHOUT HAVING азрат та ces USE soy 
TO LIFT A FINGER. RE | land sanitation. _ 


the BASICS 


behind Al-Jazari’s 
pumps led to more sophisticated 
modern developments, including 


ARTIFICIAL HEARTS 


3 sc ERAS ns rover BICYCLE PUMPS. 
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WINDN 


hundred years be 


. Europe, they were a common sigl 


@ Beginning in the 7th century windmills 
were used in the Muslim world for grinding 
grain and pumping water for Crops and 
gardens. 


©) Опе man’s offer to build a mill driven by 
wind power, an idea that originally developed 
in Persia, led to the construction of the first 
known windmill in Arabia around 640 

during the rule of Caliph Umar. 


4 Windmills harnessed the power of the 
steady winds that blew regularly across 
Persia's dry deserts. 


Ө Al-Masudi, a 10th-century geographer, described 
Persia as a country of wind and sand." 


(6) Wind power soon became widely used throughout 
Muslim civilization to run millstones for grinding | 
corn, crushing sugarcane, and pumping water. 


Ө Early windmills were 
with as many as 12 fabric-covered, rectangular sails 
that turned on a vertical axis. 
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Q Windmills were usually built on top of castle towers, 
hills, or platforms. 


@ European windmills looked very different. 
Instead of turning on a vertical axis, sails rotated on a 
horizontal axis like most do today. 


Ф Sails of ancient windmills were made from bundles 
of palm leaves. 


18 Today Wind power is a popular source of clean energy. 


QD The biggest wind turbines generate enough electricity 
to supply about GOO U.S. homes for a whole year. 
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IS FOR ` \DMIRAL, 
FROM AMIR-AL BAHR 
(“COMMANDER OF 

THE SEAS”). 


4 | 


D is for DRAGOMAN, 


from tarjuman (“TO INTERPRET”), 


an interpreter or guide where Arabic, 
Turkish, or Persian is spoken: 


FENNEC 
FROM FANAK (DESERT FOX). 


FROMAL- IZAR 
¢ COVERING әт ТНЕ NAME OF ASTAR INTHE 


ЕУ 


B 


0 | 


% "EITHERFROM.FARSI 
è VA-DAR-CHAVING EGGY 


BARBICAN, 


4 2, КЕЕ 


FROM KABAB (‘SMALL è 


CHUNKS OF MEAT GRILLED 
ONA SKEWER). H 


J IS FOR JAR, FROM JARRAH 
(“LARGE EARTHEN VASE” P 


b ISFOR Ë 


FROM a 
NADHIRAS-SAMT | 
(“OPPOSITE THE ZENITH”). / 


P... for: РНЕВКАР, - | 
— from al-farqadan (“the ‘calf "ja star in the _ 
: constellation Ursa Minor. 


ТА 


| Q ıs For QANUN, R isror 

| THE ANCESTOR OF THE 

Bg HARP AND ZITHER, RAC KET, 

| INTRODUCED IN THE FROM RAH’ ЕТ 

ШІ (OTH CENTURY. (“PALM OF THE HAND’). 


FROM THE 


"Tu | 
From ADMIRAL to ZERO many words we still use today have ties to N 
tion. Here is a list of English words with roots in Arabic, unless otherwise noted. 
> ISFOR О. UNUKALHAL 
50 LONG, from unuq al-hayyah (neck 
of the snake"), a star in the 
F ROM a constellation of the Serpent. 


MEANING “A THING" (SHAY), 
IS AN ARABIC INVENTION 
TO SOLVE EQUATIONS. 


is For YOGURT, Z Z ERO, 


FROM THE TURKISH YOGURT. 


کے 


Lb e ЕЛА? a dynasty that ruled the Muslim world 
between 750 and 1258 from Baghdad. 


[YES О a person from what is now Ethiopia 


КАНУН ЕШЕ Arabic name for Muslim-ruled Spain and 
Portugal; also called Andalusia 


21151111115 name derived from Arabic for a glass container 
used in the distillation process 


ЛІГІ the Arabic word for God 


211111011122 points on the Earth's surface that are directly 
opposite each other 


1112131 people originally from Arabia; can be of any faith 
armillary sphere a group of rings centered on the 
Earth that represent celestial latitude and longitude and other 
features important to astronomical observations 

сла ЫЕ an ancient instrument for measuring the height 
of stars that was greatly improved upon during Muslim civiliza- 
tion; eventually replaced by the sextant 


7012 Arab word meaning “charity endowments”; public or 
private funds resulting from gifts or other kinds of donations 


011111 a nomadic Arab desert dweller 


(11512. acronym meaning “before common era”; С.Е. means 
"common era” 


К) a successor to the Prophet Muhammad who is a 
political, military, or administrative leader 


ACHE 73 a globe that shows the stars, planets, 
and other heavenly objects in their relative positions in the sky 


(421112117 a mythical beast with the head of a man and the 
body of a horse 


СІ term for water clocks introduced in Egypt 
around 1500 B.C.E. 


1 the practice of growing different crops in 
different seasons on the same land 


80212202117 military expeditions undertaken by Christian 
armies from the 11th to the end of the 13th centuries to regain 
Jerusalem and other areas of the Holy Land from Muslims 


112221122 another name for Middle Ages 


1111217 basic currency of the Muslim world; a gold dinar has 
about 4.5 ounces (125 g) of gold. 


ОЗИ process of purifying a mixture by heating it 
and then cooling it and collecting the substance produced by 
condensation 


flax = plant grown for its seeds, which are a source of linseed 
oil, and its fibers, which are used to make thread for fabric. 


111211411 teachings of the Prophet Muhammad that are one 
of the major sources of Islamic law 


11111 pilgrimage to Mecca, in Saudi Arabia 
паттат а bathhouse 


ИЕШЕ! areddish-brown plant dye most commonly used for 
making elaborate decorations on the skin 


125111 the religion of Muslims, which recognizes Allah as the 
only god and Muhammad as the chief prophet 


102152111 the sacred building in the center of the mosque at 
Mecca, Saudi Arabia 


411.1! ornate cloth covering the Ka bah 

kulliye Arabic word meaning “complex.” It referred to a 
learning center established by the Ottomans that included a 
mosque, school, hospital, and dining area. 


light-year the distance light travels in one year 
(5,880,000,000,000 mi/9,460,000,000,000 km) 


(112121117 a period of 12 lunar months, each about 
29.5 days 


"uci referring to or characteristic of the 
Middle Ages 


Middle Ages the period of European history between the 
fall of the Roman Empire and the Renaissance (approximately 
500-1000 C.E.) 


UEL the tower from which the muezzin, or crier, calls 
Muslims to prayer 


ПУТА a twig from a tree that is used for cleaning teeth 


[ШЕЕ ЦЕ a design made with small bits of colored glass, tile, 
or any similar object 


ее a public place of worship and prayer for Muslims 
0772772 a person who calls Muslims to prayer 


lu Glu a follower of Islam; anything pertaining to Islam or 
Muslims 


Muslim civilization @ term referring to various 
cultures, faiths, and dynasties within the classical Islamic world 
(7th-17th centuries) 

"TG [15 Arabic word for “timekeeper.” the wise man 


who determines the times of prayers based on observations 
of the sky 


(19414 alarge waterwheel that Originated in ancient Rome 


(tst ET) a Turkish dynasty that ruled most of the Muslim 
world and parts of eastern Europe from 1299 to 1923 


qanat an underground irrigation canal connected to the 
surface by wells 


(11511101 an early form of guitar 


«ПЕ ЕП an instrument representing a quarter of a 
celestial circle; used primarily for finding constellations 


(11211 sacred book of Islam, containing Allah's revelations 
to the Prophet Muhammad; also spelled Koran 


El ELL a month of fasting that is the ninth month in the 
Islamic calendar 


ОТО a genre of writing known as “garden poetry,” 
inspired by the love of greenery in the Muslim world 


refraction i- bending of a wave of light or other form 
of energy 


IEICE the period of European history character 
ized by a great revival of art, literature, and learning in the 
14th through 16th centuries 


229412111: an instrument used by navigators for finding the 
distance between the horizon and a star 


sidereal J Ely the time it takes for the Earth to make a 
complete revolution around the sun 


shadoof a pole-and-bucket system for raising water that 
originated in ancient Egypt 


solar уй: the time it takes the sun to travel from one 


spring equinox to the next spring equinox; a year based on the 
seasons 


soporific 21411114 a sponge soaked in ingredients de- 
signed to put a patient to sleep when inhaled before surgery 


souk i- marketplace 


spolia the ancient practice of using building material from 
older structures to build new ones 


21211: acommodity that is in constant demand 


Штаууай аупазіу ruled from Damascus for about а 
century beginning in 661 


universalastrolabe an astrolabe that could be used 
anywhere in the world 


waqf an institution that manages charitable gifts and 
donations used to pay for mosques, schools, and various public 


services 


wudhu the Muslim ritual of washing hands, face, feet, and 
other exposed parts of the body before praying 
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| Name: 2: 


v 5 Born about 801 in 
^ Kufa, Iraq; died about 873 


Famou (= Making 

| рат in a КЕ developed 

| spherical geometry), music, and many 

| fields of science (especially rocks and min- 
erals), and translating books into Arabic. 


Кате6 222 
(unconfirmed first name: Merriam) 


\ cl Born in 944; died in 967; lived in 
Aleppo, Syria, her birthplace 


(EOE ES) Making very accurate astro- 
labes, complex devices that used the sun and 
stars to tell time and give directions. She was 
one of only a few women in Muslim civiliza- 
m» tion with this skill. 


Name: Al-Jazari 


(12212 Birth and death dates unknown, but 
he lived mostly in Diyarbakir in what is now 
Turkey, where he served the Artuq kings 


from 1174 to 1200 E | 
Famous for: Building | 
clocks and me raising machines, and 
for designing mechanical devices like the 
crankshaft; using robotics; and writing his 
inventions manual, The Book of Knowledge 
of Ingenious Mechanical Devices. 


U^ 
Мате Fatima al-Fih | ) 
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Мате: Battuta 


(152112: Born in 1304 in Tangier, Morocco; died 
around 1370 

uto! н Traveling more than 75,000 miles 
through 44 modern-day countries. The Rihla, which 
documents his travels, is one of the best eyewit- 
ness accounts of culture, customs, people, animals, 
and plants of the medieval world. 


Mimar Sinan 


Born in 1489 in Turkey; 
died in 1588 


Designing and building 
more than 477 mosques, schools, and 
other structures throughout the Muslim 
world while serving as chief architect 
for the Ottoman Sultans. Two of his 
most famous mosques, Selimiye in 
D Edirne, Turkey, and Suleymaniye in 

Istanbul, have withstood earthquakes 
for more than 400 years. 


To learn more about the people and culture of 
Muslim civilization: 


Books 


*Al-Hassani, Salim T.S., ed. 1001 Inventions: The Enduring 
Legacy of Muslim Civilization. 3rd ed. Washington, DC: 
National Geographic Society, 2012. 


*Atlas of the Middle East, and ed. Washington, DC: National 
Geographic Society, 2008. 


Barnard, Bryn. The Genius of Islam: How Muslims Made the 
Modern World. New York: Knopf, 2011. 


*Belt, Don. The World of Islam. Washington, DC: National 
Geographic Society, 2001. 


Geyer, Flora. Saladin: The Warrior Who Defended His People. 
Washington, DC: National Geographic Society, 2006. 


*Hayes, John, ed. The Genius of Arab Civilization: Source of 
Renaissance. Cambridge, MA: MIT Press, 1978; 2nd ed., 1984. 


*Hogendijk, J.P, and А.Т. Sabra, eds. The Enterprise of Science 
in Islam: New Perspectives. Cambridge, MA: MIT Press, 2003. 


Lindsay, James E. Daily Life in the Medieval Islamic World. 
Indianapolis, IN: Hackett, 2008. 


Maydell, Natalie, and Sep Riahi. Extraordinary Women from 
the Muslim World. Global Content, 2008. 


*Morgan, Michael Hamilton: Lost History: The Enduring Legacy 
of Muslim Scientists, Thinkers, and Artists. Washington, DC: 
National Geographic Society, 2007. 


Rumford, James. Traveling Man: The Journey of Ibn Battuta, 
1325-1354. Boston: Houghton Mifflin, 2004. 


*Saliba, George. Islamic Science and the Making of the European 
Renaissance. Cambridge, MA: MIT Press, 2007. 


Savage-Smith, Emilie, and Yossef Rapoport, eds. The Book 
of Curiosities: A critical edition. www.bodley.ox.ac.uk/ 
bookofcuriosities. 


Stone, Caroline. Eyewitness: Islam. New York: Dorling 
Kindersley, 2005. 
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“1001 Inventions and the Library of Secrets,” short feature film 
at www.1001inventions.com/libraryofsecrets 


www.MuslimHeritage.com (academic web portal; includes hun- 
dreds of articles and short reports related to Muslim heritage 
research, an interactive map, and a timeline) 


www.1001inventions.com/education (Teacher's guides, posters, 
and fun things for kids) 


Washington, DC—Explorers Hall, National Geographic Society, 
August 3, 2012—February 3, 2013 


Check out other 1001 Inventions exhibitions coming to a city 
near you soon: http://www.1001inventions.com 


The Foundation for Science Technology and Civilisation is a British 
based, non-profit, non-religious, non-political organisation. Founded 
inthe United Kingdom in 1999, FSTC works with leading academics 
around the world to engage with the public through research work, 
educational media, conferences and events in order to highlight the 
shared cultural roots of science and technological inheritance of hu- 
manity. 1001 Inventions was created by FSTC and launched in the United 
Kingdom in March 2006 to develop and deliver world class exhibitions 
and publications to further these aims. 


1001 Inventions has successfully educated millions of people around 
the world through its blockbuster global touring exhibition, books, 
films, products, and educational resources. 


1001 Inventions demonstrates that for a thousand years, from the 7th 
century onward, exceptional scientific and technological advance- 
ments were made within Muslim civilization. Men and women of vari- 
ous beliefs, languages, and backgrounds worked together and wrote 
hundreds of thousands of books, mainly in Arabic, building upon ideas 
of earlier worldwide scholars and making breakthroughs that helped 
pave the way for the European Renaissance. 


Historians often interpret historical events differently. We have 
exerted all reasonable efforts to give an accurate portrayal of every- 
thing in this book. All of the content in this book has been researched 
and reviewed by a team of eminent historians of science. We strive 

to give the most accurate representation of everything that we can, 
and we are committed to the continuous improvement of our work. 
We encourage feedback to help us with this process. E-mail us at 
info@1001inventions.com. 


* Books published for adults but interesting to kids who want to learn more about the topic. 


Boldface indicates 
illustrations. 


Abbasid pottery 54 
Agriculture 78-79 
Aigrette 70—71 

Air conditioning 12, 85 


Al-Astralabiya, "Merriam" 
11, 90, 90 


Al-Biruni 25, 37, 40, 40, 
49 


Al-Fihri, Fatima 9, 9, 10, 
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Al-Idrisi 10, 62, 62, 64 


Al-Jazari 11, 39, 39, 83, 
90, 90 


Al-Khwarizmi 36, 37 


Al-Kindi 20, 34, 34, 45, 76, 
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Al-Ma’mun 24, 32, 49 


Al-Qarawiyin (university), 
Morocco 10,10, 17, 
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Al-Qayrawan hospital, 
Tunisia 44, 44-45 


Al-Zahrawi 20, 45, 46, 46, 
90, 90 


Aladdin (movie) 59 
Albarrana towers 75 
Alcohol 47 

Alembics 20, 88 
Algebra 33, 36, 87 
Algorithms 36 


Alhambra, Granada, Spain 
13, 15, 57, 57, 75 


Allah (God) 16, 56, 88, 89 


À 


Almanac, farmer's 49, 79 


Andromeda (galaxy) 9, 25 
Antipodes 48, 88 


Arabesque art 56, 56, 
57,57 


Arabian horses 49 
Arabic numerals 36, 37 


Arches 9, 21, 37, 52, 
52—53, 53 


Architecture 9, 37, 52—53, 
74 


Armillary spheres 24, 
25,88 


Art and design 56—57, 
56-57 


Astrolabes 1, 11, 11, 24, 
25, 88, 90 


Astronomy 9, 16, 24—29, 
37. 48, 49, 64, 79 


Atlases 10, 64 


Baghdad, Iraq 16, 18, 24, 
32—33, 36, 40, 44, 
55, 64 


Banu Musa brothers 33, 
40 


Barbicans 75, 86, 86 


Bathhouses 12, 13, 13, 
21, 88 


Battlements 74, 75 
Beards 19, 21 
Bedouin camp 66-67 
Beg, Ulugh 24 

Bone fractures 9, 44 


Books 8, 28, 32, 32, 33,33, 
44, 60, 61 


Bookshops 33, 49 

Boótes (constellation) 86 
Botany 15, 48, 49, 78 
Bottles, glass 50, 50, 51 


Calendar of Córdoba 
(almanac) 49, 79 


Calendars 26,27, 79 
Calligraphy 57, 60 
Camel hair 58 


Camels 12, 32, 32, 59, 
64-65, 69, 69, 71, 79 


Camera obscura 10, 35 
Cameras 11, 35, 35, 91 
Canals 14, 64,78 
Cannons 72, 72, 73 


Caravans, camel 64—65, 
69, 69, 71 


Caravansaries 68, 68 
Carnelian 48, 70 
Carpets 58, 58-59, 67, 68 


Carrier pigeons 65, 76, 
76 


Cassiopeia (constellation) 
29,29 


Castles and keeps 74-75, 
74-75, 85 


Catgut 9, 9, 45, 46, 90 


Celebi, Hazarfen Ahmed 
31 


Celebi, Lagari Hasan 31 


Celestial globes 25, 28, 
28, 88 


Checks 68 


Chess 22, 22-23, 23 


Chinese Fleet 11, 64, 65, 
91 


Cinnabar 70 

Citadels 74, 74—75. 76 
Clay tablets 63, 63 
Clepsydras 38, 88 


Clocks 8, 8, 10, 10, 38-39, 
38-39, 90 


Clothing 18, 20, 39, 58, 78 
Cochineal bugs 59 
Codes 76, 77 


Coffee 10, 10, 80, 80-81, 
81 


Coins 69, 69 


Communication 65, 
76-77 


Compass 62, 62 
Conservatories 15, 15 


Constellations 28, 28-29, 
29, 86, 87, 87 


Coral 70, 70, 71, 71 


Córdoba, Spain 13, 13, 18, 
19, 30, 42, 52, 53, 58 


Cosmetics 20, 21 
Cotton 18, 78, 78 
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Craters, lunar 27, 27, 
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Crop rotation 78, 88 
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Crystal 50, 51, 90 
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29, 33, 52—53 
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"Drinking Bull" (trick 
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Dyes 21, 59, 59, 61 
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39,39 


Emeralds 70,70 
Етегу 71,71 
Enigma (machine) 77,77 


Erg Chebbi, Morocco 
48-49 


Exploration 8, 64-65 
Eyes 9, 34, 35, 44, 47 


Fabric 18, 58-59, 58-59, 
69 


Farms 49, 78-79, 82 
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Fig trees 78, 79 
Fireworks 72, 72 


Flight experiments 10, 
30-31 


Flood control 83 
93 


Flute player, automatic 
41 


Flying machines 10, 10, 
30,31, 31, 90 


Folk tales 64 
Foods 8,78, 79 
Fountains 12, 12, 13, 14, 14 


Frequency analysis 76, 77 


Galilei, Galileo 25, 48 
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Gardens 12, 12, 14-15, 
14—15, 33, 84 


Gas mask 41, 41 


Gemstones 48, 70, 70-71, 
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Geometric patterns 14, 
36, 36, 37, 56, 56, 57, 
57.59 


Geometry 36, 37, 56,57 
Giraffes 8, 64, 86, 86 
Glass 50-51,50-51 
Gliders 31, 31 


Global positioning 
systems (GPS) 24, 63, 
63 


Goats 10, 80, 80 

Gold 32, 48, 55, 69 
Golden ratio 56, 57 
Great snipes 31, 31 


Guitars 42, 42, 46 
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Gunpowder 31, 72, 72, 73 


Hair care 20, 21 
Hairstyles 18, 19 

hajj (pilgrimage) 64, 88 
Hang gliders 30, 31 
Hemp paper 60, 61 
Henna 21, 29, 88 


Herbal medicine 44, 45, 
47,49 


High-heeled shoes 18, 19 
Hospitals 44, 44-45 


House of Wisdom, 
Baghdad, Iraq 6, 10, 
28, 32-33, 37, 40 


Hygiene 20-21 


Ibn al-Baytar 45, 49 


Ibn al-Haytham 11, 27, 34, 
35, 37; 48, 91, 91 


Ibn Battuta 64, 91, 91 


Ibn Firnas, Abbas 10, 24, 
30, 49, 51, 90, 90 


Ibn Hayyan, Jabir 11, 91, 
91 


Ibn Sina 44, 44, 45, 48 


Illustrated manuscripts 
22, 47, 47, 68 


Indian vapor baths 21 
Inks 57, 59, 61 


Inoculation 45 


“Iron Muslim" (chess- 
playing robot) 23, 23 


Irrigation 78, 79, 82, 83, 
89 


Islamic law 55, 88 
Iznik, Turkey 55 
Iznik pottery 55, 55 


Jativa, Spain 60 
Jenner, Edward 45 


Jewels 70-71, 70—71 


Kalyan Mosque, Bukhara, 
Uzbekistan 12-13 


Kite, red dragon 30-31 
Knut the Great 22 
Koshks (kiosks) 15, 15 


Lenses, glass 51 


Leonardo da Vinci 31, 35, 
57,83 


Leprosy 44 

Libraries 16, 16, 24, 32, 33 
Linseed oil 57, 88 
Lipsticks 20, 20 
Lithotripters 46 


Longwood Gardens, 


Pennsylvania 14-15 


Louis XIV, King (France) 
66, 66 


Lunar eclipses 9, 26—27 


Lutes 42-43, 43 


“Magic flask” 41 
Mail 76 


Map: Muslim civilization 
(632-1796) 10-11 


Maps, early 8, 10, 10, 62, 
62, 63,63 


Marbled paper 60-61, 61 


Mathematics 36—37, 52, 
79, 90 


Mecca, Saudi Arabia 24, 
26,64 


Mechanical devices 8, 8, 
11, 11, 38, 39, 39, 40, 
90 


Medicine and health 9, 
10, 44-47, 64, 90 


Mehmed II, Sultan 72, 
73.73 


Merino wool 49 
Meteorology 48, 49 
Military bands 43, 43 
Military tents 66, 66 
Millefiori 50 

Mills 60, 61, 84 
Minarets 52, 53, 89 
Minerals 48, 65, 90 
miswak twigs 20, 89 
Money 68, 69, 69, 88 
Moon 9, 26-27, 26-27, 33, 


33. 48 
Mosaic glass 50, 50 
Muezzins 13, 53, 89 


Muhammad (prophet) 20, 
21, 56, 64 


Music and musical 
instruments 41, 
42-43, 42-43, 44 


Nasrid dynasty 75 


Nasrid Palace, Grenada, 
Spain 8-9 


Navigation 49, 62, 63 
Nile River, Africa 25, 48 
Nilometer 25 

Nomads 59, 64, 67 


Norias (waterwheels) 78, 
83, 83, 89 


Number puzzles 40 


Numbers 36-37 


Observatories, 
astronomical 24, 28, 
49 


Oil-burning streetlights 
13, 13 


Optics 34-35, 91 
Oranges 8, 78, 78, 87, 87 


Ornament, headdress 
70-71 


Paints 57,57 

Paper 60, 60—61, 61, 62 
Pearls 70, 70, 71 
Pedigree, concept of 49 
Pendulum clocks 39, 39 
Pens 60, 61, 61 


Perfume 10, 10, 20, 20, 
50 


Pharmacies 44, 45 
Pigeon towers 79, 79 
Pinhole cameras 35, 35 
Piri Reis 62,63 
Planetariums 24, 90 
Plant classification 45 
Poetry 15, 49, 89 
Pottery 54—55, 54-55 
Ptolemy 24, 25, 28, 49 


Puzzles 40, 40-41, 41 


qanats (canals) 78, 82, 83 


qanun (musical 
instrument) 42, 87 


qirmiz (insect) 59 


gitara (musical 
instrument) 42, 42, 
43 


Quadrants 24, 24—25, 89 


Rainbows 25, 48 
Ramadan 26, 38, 89 
Rice 8, 78, 83 


Robotic devices 20, 23, 
39, 39, 41, 41 


Rockets 31, 73, 73 
Rose windows 53 
Rubies 48, 70 
Rubik’s Cube 40, 40 


Sabuncuoglu, Serefeddin 
47 


Saffron 59, 59, 78 
Salt 20, 71 
Saltpeter 72 

Sand dunes 48-49 
Sapphires 48, 70 
Scale, musical 42 
Scalpels 46, 46 


Schools 16, 16—17, 17, 44, 
91 


Selimiye Mosque, Edirne, 
Turkey 11, 52 


Sextants 24, 89 

Sheep breeding 49 

Shoes 18, 18-19, 19 

Silk ч 58, 59, 67, 68—69, 
7 


Silk Route 68 
Silver 48, 55, 69 


Sinan, Mimar 10, 52, 53, 
91, 91 


Singh, Simon 77, 77 
Skin care 20, 21 
Slippers, leather 18-19 
Smallpox 45 

Soap 20, 21, 68 

Solar apogee 24 

Solar eclipses 9 


Soporific sponges 47, 
47, 89 


Souks 12, 12, 18-19, 89 
Spices 12,12, 20, 45 
Split-barrel guns 72 


Stamps, postage 31, 36, 
45, 45, 76 


Star maps 25, 28, 29 
Steam power 82 
Sudoku 40-41 
Sugarcane 78, 78-79, 79 


Suleymaniye Mosque, 
Istanbul, Turkey 52, 
52-53 


Sunscreen 20 
Sunspots 25 
Surgery 9, 44. 45, 46-47 


Surgical instruments 10, 
46, 90 


Taj Mahal, India 14, 53 
Tempera paint 57 
Tents 64, 66-67, 66-67 


Tile patterns 8—9, 9, 9; 
36,56 


Toledan Tables 24 


Toledo, Spain 24, 25, 49 


Toothpaste 20 


Topkapi Palace, Istanbul, 
Turkey 15, 50-51 


Topkapi Scroll 56 
Torpedoes 72,72 
Towns 12-13, 82 
Trade 64, 65, 68-69 
Trebuchets 73, 73 
Triangulation 63 


“Tribunal of the Waters" 
82, 82 


Trick gadgets 33, 40, 41, 
41 


Trigonometry 26, 37 
Turkish baths 21 
Turkish paper 60-61, 61 


Universal astrolabes 25, 
89 


Universities 9, 10; 17, 90 


Vaccinations 45 
Valves 41, 41 

Vaults 53 

Vision 34-35, 48, 91 


War 72-73 


War games 22 
Water 82—83 
Water clocks 38, 39 


Water pumps 8, 78, 82, 83, 
83,84 


Waterwheels 78, 82, 89 
Weapons 71, 72, 72—73, 73 


Windmills 8, 11, 11, 84—85, 
84-85 


Wooden ships 11, 11, 64, 
65,73, 91 


wudhu’ (ritual) 20, 89 


Y 


Yurts 67,67 


Zero 36,87 


Zheng He 11, 64, 65, 65, 
91, 91 


Ziryab 18, 19, 20, 42, 43, 51 
Zoology 48, 49 
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